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ABSTRACT
A d re n o c o rtic a l, th y ro id  and m etab o lic  response  was measured in  
te n  growing H o ls te in  h e i f e r s  fo r  fou r-12 -day  p e rio d s  under cool 
c o n d itio n s  and s ix -1 2 -d ay  p e r io d s  under ho t c o n d itio n s . Under un­
c o n tro lle d  am bient c o n d itio n s , th e  mean d a i ly  tem pera tu re  ranged
from 40 to  65° F. a s  c o n tra s te d  to  c o n tro lle d  ho t c o n d itio n s  rang ing  
o
from 75 to  95 F. The mean p a r t i a l  p re ssu re  o f w ate r vapor (mmHq.)
ranged from 6 to  12 under coo l c o n d itio n s  b u t was m ain tained  a t  20
under ho t c o n d itio n s . A ll  anim als rece iv ed  a hay and g ra in  r a t io n
th a t  fu rn ish e d  approxim ately  120 p e rc e n t o f t h e i r  req u irem en ts .
A h ig h ly  s ig n i f ic a n t  p e rio d  w ith in  tre a tm e n t d if fe re n c e  under
cool c o n d itio n s  in  e s tim a ted  h e a t p ro d u c tio n , serum PBI, th y ro x in e
u t i l i z a t i o n  and s e c re t io n  r a t e s  in d ic a te d  th a t  th e  m etab o lic  a c t i v i t y
o f th e  an im als was more v a r ia b le  under coo l th an  under hot c o n d itio n s .
The mean es tim ated  h e a t p ro d u c tio n  v a r ie d  from 3.21 to  5 .28  k i lo -  
.72
c a lo r ie s  p e r cwt p e r hour under coo l c o n d it io n s . The mean le v e l 
o f serum PBI ranged from 3 .4  to  9 .9  micrograms p e rc e n t under coo l con­
d i t io n s  as c o n tra s te d  to  a mean range o f 4 .1  to  5 .6  under h o t con-
- 3d i t i o n s .  Thyroxine u t i l i z a t i o n  r a t e  ( - lo g ebx l0  ) ranged from 12.07 
to  14.40 under coo l c o n d itio n s  and from 10.05 to  11.08 under ho t 
c o n d itio n s . Thyroxine s e c re t io n  r a t e  ranged from 0.1476 to  0.2714 
m illig ram s p e r cwt p e r day under coo l c o n d itio n s  a s  compared to  a 
mean range of 0.0611 to  0.1542 under ho t c o n d it io n s .
Plasma le v e ls  o f 1 7 -h y d ro x y co rtico ste ro n e  in c reased  s ig n i f ic a n t ly
viii
( P < ,01) from a mean of 1 .8  micrograms p e rcen t under cool co n d itio n s  to  
a mean o f 4 .5  under hot c o n d itio n s . W ithin 48 hours fo llow ing  i n i t i a l  
h ea t exposure, a tem porary e o s in o p h i l l ia  o ccu rred . This was in d i ­
c a t iv e  o f a r e l a t iv e  a d re n o c o rtic a l in s u f f ic ie n c y .
Rate o f body w eight g a in  and dry m atte r in ta k e  was h igh ly  
s ig n i f ic a n t ly  lower under ho t c o n d itio n s  a s  compared to  coo l c o n d itio n s . 
The mean d a ily  r a t e  o f gain  and dry m a tte r  in tak e  was 1 .8  and 15.7 
pounds p e r day re sp e c tiv e ly  tinder cool co n d itio n s  as compared to  1.1 
and 14.7 pounds p er day under hot c o n d itio n s .
Measures o f a d re n o c o rtic a l and th y ro id  fu n c tio n  were no t 
s ig n if ic a n t ly  c o r re la te d .  A h ig h ly  s ig n i f ic a n t  simple c o r re la t io n  
c o e f f ic ie n t  o f 0.47 e x is te d  between estim ated  h ea t p ro d u c tio n  and 
thy ro x in e  s e c re tio n  r a t e .  A h ig h ly  s ig n i f ic a n t  sim ple c o r re la t io n  of
0 .62 was found between serum PBI and estim ated  h ea t p ro d u c tio n . The 
r a t e  o f w eight gain  was h igh ly  s ig n if ic a n t ly  c o r re la te d  ( r  = 0.55) 
w ith  dry m a tte r  in ta k e .
I t  i s  b e liev ed  th a t  th e  ho t c lim a tic  co n d ic tio n s  in  t h i s  
experim ent d id  n o t induce a severe p h y s io lo g ic a l s t r e s s  upon the  
an im als. This i s  in d ic a ted  by th e  r e l a t iv e ly  low le v e ls  o f 17- 
h y d ro x y c o rtic o s te ro n e , th e  la c k  of an eosinopen ia  and th e  s a t i s f a c to ry  
r a te  o f  w eight g a in .
I .  INTRODUCTION
Animal c lim ato logy  i s  complex. This i s  evidenced by th e  m agnitude 
o f th e  p a s t  re s e a rc h  w hich has been conducted on th e  p h y s io lo g ic a l ,  
n u t r i t i o n a l  and g e n e tic a l  a sp e c ts  o f  t h i s  sub jec t,, The m a jo rity  o f 
t h i s  work has shown th a t  th e re  i s  no sharp dem arcation  between any of 
th e se  a s p e c ts ,  b u t th a t  a l l  a re  im portan t and a l l  a re  r e la te d  in  some 
manner.
Much of th e  r e s p o n s ib i l i ty  fo r  th e  low p ro d u c tio n  o f the  improved 
c a t t l e  b reed s  in  s u b - tro p ic a l  a re a s  has been assigned  to  th e  s t r e s s f u l  
ho t c l im a tic  c o n d it io n s . The p o r tio n  which i s  due to  th e  d i r e c t  e f f e c ts  
o f h e a t and th e  p o r tio n  which i s  due to  th e  in d i r e c t  e f f e c t  o f  low feed 
q u a l i ty  and q u a n ti ty ,  has n o t been ad eq u a te ly  d e fin e d .
The a d a p ta tio n  o f anim als to  h o t c o n d itio n s  i s  p a r t i a l l y  due to  
re d u c tio n  in  th y ro id  fu n c tio n . However, i f  an anim al i s  sev e re ly  
a f fe c te d  by hot c o n d it io n s ,  i t  should be r e f le c te d  th rough  an in c reased  
a d re n o c o r tic a l  s e c re t io n  r a t e .  An a d re n o c o r tic a l  s tim u la tio n  would a id  
th e  s tre s s e d  anim al in  th e  m aintenance o f hom eostasis b u t m ight r e s u l t  
in  reduced p ro d u c t iv i ty .  L im ited in fo rm a tio n  i s  a v a i la b le  w hich in d ic a te s  
th an  an in v e rse  r e la t io n s h ip  e x i s t s  between ad ren a l c o r te x  and th y ro id  
fu n c tio n . No l i t e r a t u r e  i s  c i te d  concern ing  th e  sim ultaneous m easure­
ment o f  th y ro id  and a d re n o c o r tic a l  s e c re t io n  r a te s  in  c a t t l e  when 
exposed to  c o n tro lle d  h o t c o n d it io n s .
Sim ultaneous measurement o f th y ro id ,  a d re n o c o r tic a l  and m etabo lic  
a c t i v i t y  under a  sim ulated  s u b - tro p ic a l  c lim a te  i s  p robably  th e  most 
e f f e c t iv e  way to  a s se s s  th e  s e v e r i ty  o f ho t c o n d itio n s  on anim al 
perform ance.
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T h e re fo re , a p re lim in a ry  study was conducted under c o n d itio n s  which a re  
b e lie v e d  to  be r e p re s e n ta t iv e  o f severe  s u b - tro p ic a l  c o n d it io n s . The 
o b je c tiv e  of th e  study was to  measure th e  th y ro id , a d re n o c o r tic a l  and 
m etab o lic  response  o f growing H o ls te in  h e i f e r s  exposed to  hot c o n d it io n s .
I I .  REVIEW OF LITERATURE 
A p ro p er fu n c tio n in g  th y ro id  gland and a d re n a l c o r t ic e s  i s  man­
d a to ry  fo r  th e  m aintenance o f hom eostasis in  a l l  h ig h  o rd e r sp e c ie s . 
The s ig n i f ic a n t  p h y s io lo g ic a l r o le  d isp lay ed  by th e  se c re te d  p ro d u c ts  
o f th e se  endocrine bod ies has s tim u la ted  a c o n s id e ra b le  amount o f 
r e se a rc h  in  an e f f o r t  to  e lu c id a te  t h e i r  se p a ra te  r o le s .
A number of in d iv id u a ls  have, fo r  many y e a r s ,  p o s tu la te d  th a t  a 
fu n c tio n a l r e la t io n s h ip  e x i s t s  between th e  th y ro id  and a d re n a l c o r te x  
(3 5 ). Such an a s s e r t io n ,  in  most in s ta n c e s ,  has been based on th e  
o b se rv a tio n  th a t  in  v a r io u s  c l i n i c a l  s ta te s  when th y ro id  fu n c tio n  was 
abnorm al, th e  a d re n a l d i f f e r e d  in  s iz e  and ap p aren t fu n c tio n  (9 ) .  In  
tu rn ,  when ad ren a l ab n o rm a litie s  e x is te d ,  th y ro id  fu n c tio n  appeared to  
be a l te r e d  (3 5 ).
In  o rd e r to  have a c le a r  und erstan d in g  o f any p o s s ib le  r e l a t i o n ­
sh ip  between th e se  two en d o c rin e s , an und erstan d in g  o f th e  se p a ra te  
r o le  ( s )  o f  each should be known. T h e re fo re , each gland w i l l  be d i s ­
cussed in d iv id u a l ly ,  follow ed by t h e i r  in te r r e l a t io n s h ip .
THYROID GLAND 
A. G eneral Review 
T his endocrine body i s  lo ca ted  in  th e  neck n ea r th e  ju n c tio n  o f 
th e  la ry n x  and tra c h e a  (6 0 ). The v a s c u la r  r ig h t  and l e f t  lobes l i e  
a long  th e  a n t e r i o r l a t e r a l  su rfa c e  o f th e  tra c h e a  and a re  u su a lly  
connected by an isthm us which p asses  over th e  a n te r io r  su rfa c e  o f th e  
tra c h e a  (60 , 62, 6 3 ) .
The th y ro id  i s  composed o f f o l l i c l e s  co n ta in ed  in  a h ig h ly  v ascu -
la r iz e d  i n t e r s t i t i a l  network of connective t i s s u e .  Each f o l l i c l e  i s  a 
m icroscopic spheroid  u n i t ,  g en e ra lly  surrounded by a basement membrane 
and c o n s is tin g  of a s in g le  la y e t  o f ep ith e liu m  en c lo sin g  a lumen f i l l e d  
w ith  c o llo id  (15, 61, 62, 6 3 ). T y p ic a lly , th e  ep ith e liu m  o f each 
f o l l i c l e  i s  made o f c e l l s  which a re  tru n c a te d  pyram idal s tru c tu re s  (6 2 ). 
The h e ig h t o f the  c e l l s  i s  r e la te d  to  th e  a c t iv i ty  o f th e  g land . The 
t a l l  columnar shaped c e l l s  a re  in d ic a tiv e  of an a c t iv e  f o l l i c l e  and th e  
low cuboidal c e l l s  re p re se n t an in a c tiv e  f o l l i c l e  (6 2 ), H is to lo g ic a l ly ,  
th e re fo re ,  th e  th y ro id  f o l l i c l e  i s  t r u ly  th e  parenchymatous and p re ­
sumably, th e  fu n c tio n a l u n it  o f the  th y ro id  gland (6 0 ).
I t  has been known fo r  many y ea rs  th a t  th e  th y ro id  gland co n cen tra tes  
io d id e  from th e  blood and co n v erts  i t  to  o rg a n ic a lly  bound io d in e  (4 4 ). 
The bound io d in e  f i r s t  appears in  th e  io d o ty ro s in e s  and l a t e r  in  
th y rox ine  and tr i io d o th y ro n in e . H arington (15) was the  f i r s t  to  
d e sc rib e  th e  theory  o f th y ro id  hormone(s) sy n th e s is . Since th a t  tim e 
much evidence has been p resen ted  to  support h is  th eo ry . P i t t -R iv e rs  
(44) g ives th e  fo llow ing  scheme by w hich, most workers ag ree  th e  gland 
sy n th es izes  i t s  p ro d u c ts :
1. The gland co n c e n tra te s  iod ide  from c i r c u la t io n .
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2. Iod ide  i s  ox id ized  to  io d in e  and in co rpora ted  in to  
ty ro s in e  m olecu les, f i r s t  as m onoiodotyrosine.
3. F u rth e r io d in a tio n  y ie ld s  d iio d o ty ro s in e .
4 . Coupling of two m olecules of d iio d o ty ro s in e  leads 
to  th e  fo rm ation  of th y ro x in e .
5 . T riio d o th y ro n in e  can be syn thesized  in  two ways:
(a )  coupling  one m olecule of m onoiodotyrosine and 
one m olecule o f d iio d o ty ro s in e ; (b) p a r t i a l  de- 
io d in a tio n  o f  th y ro x in e . Very l i t t l e  i s  known 
about the  enzymes re sp o n s ib le  fo r  th ese  r e a c t io n s .
The fu n c tio n  o f th e  th y ro id  i s  th e  e la b o ra t io n , s to ra g e  and d i s ­
charge o f  th e se  hormones which presum ably re g u la te  th e  r a t e  o f energy 
exchange a t  th e  c e l lu la r  le v e l  (4 0 ). These hormones a re  s to re d  in  th e  
f o l l i c l e s  as a p ro te in  c a l le d  th y ro g lo b u lin . Because o f i t s  la rg e  
m olecu lar w e ig h t, t h i s  p ro te in  i s  no t d if fu s a b le  and must be hydrolyzed 
by an enzyme system  to  r e le a s e  amino a c id s  in to  th e  blood v a sc u la r  
system . Of th e  s e v e ra l amino a c id s  y ie ld e d  by th e  p ro te o ly s is  o f 
th y ro g lo b u lin , only two, th y ro x in e  and tr i io d o th y ro n in e  have ever been 
dem onstrated  to  leav e  th e  gland (4 4 ). As fo r  th e  rem ainder, i t  has
been p o s tu la te d  th a t  they a re  d e io d in a ted  by an enzyme, d e s io d a se , whose 
*
presence  has been dem onstrated in  th e  f o l l i c l e  (4 4 ). A p p aren tly , 
th y ro x in e  and tr i io d o th y ro n in e  a re  no t a f fe c te d  by t h i s  enzyme (4 0 ).
As a r e s u l t  th e se  l a t t e r  hormones a re  presum ably f re e  to  d i f fu s e  from 
th e  c o l lo id  in to  th e  c i r c u la t io n ,  p o ss ib ly  acco rd in g  to  a s in g le  con­
c e n tra t io n  g ra d ie n t (4 0 ).
The s e c re to ry  a c t i v i t y  o f th e  gland i s  g e n e ra lly  regarded  as 
governed by an in te r a c t io n  and b a lan ce  between th e  th y ro id  hormone(s) 
and th e  a n te r io r  hypophysial th y ro tro p h in  (TSH) (40 , 4 4 ). The in te rp la y  
between th e  a n te r io r  p i t u i t a r y  and th y ro id ,  considered  in  i t s  s im p les t 
te rm s, i s  conceived to  be as  fo llo w s: f a i lu r e  o f th e  th y ro id  gland to
s e c re te  s u f f ic ie n t  hormone fo r  b o d ily  requ irem en ts  e l i c i t s  u n re s tra in e d  
s e c re t io n  o f TSH from th e  p i t u i t a r y ,  and th e  r i s i n g  blood le v e ls  o f 
TSH s tim u la te  th e  lagg ing  th y ro id  to  g re a te r  a c t i v i t y .  C onversely , 
blood th y ro id  hormone t i t e r s  in  excess o f th e  m etabo lic  requ irem en ts  
a c t  back on th e  p i t u i t a r y  to  in h ib i t  TSH s e c re t io n ,  as  a consequence o f 
which th e  th y ro id  r e v e r t s  to  a  l e s s  a c t iv e  m orphologic and p h y s io lo g ic
s ta te  (11 , 15).
The m ajor p h y s io lo g ic a l a c tio n s  o f th e  th y ro id  hormones a re  w e ll 
e s ta b l is h e d ,  b u t th e  mechanisms involved  in  e l i c i t i n g  th e se  a c tio n s  
a re  s t i l l  unknown (4 2 ). The most p re v a le n t c u r re n t h y p o th esis  i s  th a t  
th y ro x in e  uncouples a p o r tio n  of th e  p h o sp h o ry la tio n s  o cc u rrin g  d u rin g  
th e  o x id a tio n  of a s p e c if ic  s u b s tr a te  (35 , 5 1 ), This uncoupling 
e f f e c t  might account fo r  th e  in flu e n c e  o f th e  hormone on b a sa l 
m etab o lic  r a t e .
Many re p o r ts  have shown th a t  th e re  i s  a  r e la t io n s h ip  between 
tem pera tu re  and th y ro id a l  a c t iv i ty  (1 , 27, 3 8 ). S tu d ies  by M issouri 
w orkers (1) have shown th a t  low tem pera tu re  (17° F .)  in c reased  th y ro id  
a c t i v i t y  o f Je rse y  and Brahman cows 60 to  100 p e rc e n t b u t showed no 
s ig n i f ic a n t  change in  H o ls te in  and Brown Swiss c a t t l e .  I t  i s  a lso  
re p o rte d  th a t  a i r  tem p era tu res  o f about 95° F. decreased  th e  th y ro id a l  
a c t i v i t y  of a l l  b reeds by 30 to  65 p e rc e n t.  In  th e se  s tu d ie s  h ea t 
p ro d u c tio n  p a ra l le le d  th y ro id  fu n c tio n .
S tu d ies  conducted a t  L o u is ian a  (27) have shown a 60 p e rcen t r e ­
d u c tio n  in  e s tim ated  th y ro id a l  a c t i v i t y  o f l a c ta t in g  cows d u ring  th e  
p e rio d  from A p ril to  A ugust. I t  i s  b e liev e d  th a t  th e se  v a r ia t io n s  
occur because th e  p h y s io lo g ic a l r e g u la t io n  of body tem pera tu re  in  
homeotherms i s  th e  r e s u l t  o f  a complex in te rp la y  between n e u ra l and 
endocrine  f a c to r s  among which th e  th y ro id  has an im portan t ro le  (43 , 4 4 ), 
Thyroxine a c ts  by s tim u la tin g  h ea t p ro d u c tio n  i f  environm ental tem pera­
tu re  i s  low ered. I t  has a lso  been shown th a t  a r a is e d  environm ental 
tem pera tu re  d ec rease s  th e  body requ irem en ts  fo r  th y ro x in e .
From th e  known th e ra p e u tic  e f f e c t s  o f th y ro id a l ly  a c t iv e  substances
i t  would be expected th a t  a r e la t io n s h ip  e x i s t s  betw een normal th y ro id  
a c t i v i t y  and p ro d u c tiv e  resp o n ses o f an im als (3 9 ). Kunkel e t  a l .  (32) 
found a s ig n i f ic a n t  c o r re la t io n  between th e  le v e l  o f  PBI and r a t e  of 
w eight g a in  in  b ee f c a t t l e .  Gauwienauski et^ a l . (12) found a s i g n i f i ­
can t n e g a tiv e  c o e f f ic ie n t  o f c o r r e la t io n  between PBI and average d a ily  
ga in  in  w eight o f swine. Lennon and M ixner (33) re g re sse d  plasm a PBI 
on c e r ta in  m easures o f re p ro d u c tiv e  e f f ic ie n c y  on and among cows w ith in  
l a c ta t io n  b a s is  in  H o ls te in  cows. The r e s u l t s  re v e a led  th a t  f o r  every 
one microgram p e rc e n t in c re a se  in  PBI, th e re  was a d ec rease  in  se rv ic e  
in te r v a l  o f 7 .8  days and a d ec rease  o f 7 .4  days from f i r s t  b reed in g  to  
co n cep tio n .
B, Method o f M easuring Thyroid A c tiv i ty
No p e r f e c t  la b o ra to ry  p rocedure has y e t  been dev ised  w hich w i l l
d e f in e  th e  le v e l  o f s e c re t io n  o f th e  th y ro id  (6 3 ). The r e s u l t s  o f any
method used a t  p re s e n t ,  o r any com bination o f m ethods, may lead  to
erroneous in te r p r e ta t io n s  o r re v e a l  d isagreem ent one w ith  an o th e r (6 3 ).
D esp ite  th e  la rg e  number o f methods th a t  have been proposed and
a ttem p ted , two d ia g n o s tic  tech n iq u es  a re  alm ost e x c lu s iv e ly  used a t
th e  p re se n t tim e . They a re  th e  plasma le v e ls  o f PBI and th y ro x in e
131s e c re t io n  r a te  a s  determ ined by in je c t io n  o f I  .
The most w idely  used method o f m easuring th y ro id a l  a c t i v i t y  i s  th e  
q u a n t i ta t iv e  d e te rm in a tio n  of o rg an ic  io d in e  (1 3 ), The d e te rm in a tio n  
e n t a i l s  th e  a sh in g  o f o rg an ic  m a te r ia l  w ith  a c id  (chrom ic, c h lo r ic ,  
perm anganate) o r  a l k a l i ,  th e  re d u c tio n  o f io d in e  to  io d id e , and th e  
c o lo r im e tr ic  e s tim a tio n  r e s u l t in g  from i t s  c a ta ly t i c  ac tio n , on th e  r a t e  
o f re d u c tio n  o f e e r ie  s u l f a te  by a rse n io u s  ac id  (4 4 ). A lthough the
ex ac t n a tu re  o f PBI i s  n o t known, c o n s id e ra b le  ev idence e x i s t s  to
support th e  view  th a t  i t  i s ,  a t  l e a s t  in  p a r t ,  th y ro x in e  o r  th y ro x in e
l i k e ,  and as  such p re se n ts  d i r e c t  ev idence as  to  th e  amount o f
c i r c u la t in g  th y ro id  hormone (12, 1 3 )0 I t  has been determ ined th a t
th y ro x in e  i s  th e  m ajor form o f p ro te in  found o rg an ic  io d in e  in  normal
plasm a (1 3 ), and in  plasm a fo llow ing  th e  a d m in is tra t io n  o f  th y ro tro p h in .
Lennon e t  a l .  (34) s t a t e  th a t  a lth o u g h  PBI i s  an im portan t index o f
th y ro id  fu n c tio n  in  humans, i t s  u s e fu lln e s s  in  d a iry  c a t t l e  has n o t
been e s ta b lis h e d  because o f a  lack  o f a w e ll d e fin ed  syndrome in v o lv in g
th e  th y ro id . I t  i s  b e lie v e d  th a t  th e  d e te rm in a tio n  of th y ro id  a c t i v i t y
by s u b s t i tu t io n  therapy  w ith  exogenous th y ro x in e  i s  th e  b e s t  index fo r
q u a n t i ta t iv e  com parisons (4 6 )0 Because t h i s  procedure i s  laborous and
tim e consuming, an o th er method has been developed by In g ar and F re in k e l
(24) fo r  e s tim a tin g  th e  d a i ly  r a t e  o f th y ro x in e  d eg red a tio n  which i s
e q u iv a le n t to  th y ro x in e  s e c re t io n  r a t e .  This may be c a lc u la te d  by
u t i l i z i n g  a s  components o f  th e  normal le v e l  o f PBI, th e  f r a c t io n a l  r a t e
o f tu rn o v e r p e r  day o f exogenous th y ro x in e  and th e  th y ro x in e  d i s t r ib u t io n
volume o r space (3 9 ). M ixner and Lennon (39) and Johnston  e t  a l . (29)
have used t h i s  p rocedure and have ob ta ined  r e s u l t s  which a r e  s im ila r  to
131th o se  o b ta ined  by th e  use  o f I  combined w ith  endogenous in je c t io n s  
o f th y ro x in e  (1 4 , 4 6 ) .
ADRENALS
A. G eneral Review 
The a d re n a l g lands a re  p a ire d  c re s c e n t ic  s t ru c tu re s  lo ca ted  in  th e  
r e t r o p e r i to n e a l  t i s s u e  a long  th e  c r a n ia l  ends o f  th e  kidneys (4 , 5 , 16,
26, 60 , 6 2 ). Each a d re n a l c o n s is ts  o f two p a r t s ,  th e  m edulla and c o r te x ,
c lo s e ly  a s so c ia te d  an a to m ica lly  b u t o f d i s t i n c t  s t r u c tu r e  and embryonic 
o rg in  (6 0 ). While i t  i s  t ru e  th a t  some degree o f fu n c tio n a l r e l a t io n  
e x i s t s  between th e  two p a r t s ,  th e se  r e la t io n s h ip s  a re  in d i r e c t  (4 , 6 0 ). 
The m edulla i s  o f n e u ra l o rg in  and develops from p r im it iv e  c e l l s  of th e  
sym pathetic  g a n g lia  and rem ains under c o n tro l  o f th e  sym pathetic 
b ranch  o f th e  autonomic nervous system (6 0 ) . The c o r te x  i s  d eriv ed  
from g la n d u la r  t i s s u e  and a r i s e s  from th e  mesoderm and i s  under th e  
c o n tro l o f  th e  a n te r io r  p i t u i t a r y  a d re n o c o r tic o tro p ic  hormone (ACTH).
The sym patho-adrenal system  perform s in d isp e n sa b le  fu n c tio n s  in  
th e  body. N ev erth e less  i t  has been found th a t  sympathectomized anim als 
a ls o  dep rived  o f t h e i r  m ed u llas , su rv iv e  and seem n o t to  d i f f e r  from 
normal when m ain ta ined  in  a sh e lte re d  environm ent (4 , 52, 60)* Cannon 
(4) was th e  f i r s t  advocate  o f th e  emergency fu n c tio n  of th e  m edu lla . 
S ince th a t  tim e much evidence has accum ulated which in d ic a te s  th a t  th e  
m edullas do r e le a s e  in c reased  q u a n t i t ie s  o f ep in e rp h rin e  d u rin g  p e rio d s  
o f s t r e s s .  I t  i s  assumed th a t  th e  in c reased  ou tp u t o f  t h i s  hormone 
b r in g s  about a v a r ie ty  o f c i r c u la to ry  and m etab o lic  ad justm en ts  which 
a re  o f v a lu e  to  th e  hard p ressed  animal (6 0 ) .
H is to lo g ic a l  exam ination o f th e  c o r te x  allow s th re e  main c o n c en tr ic  
zones to  be d is t in g u is h e d :  The la y e rs  going o u ts id e  inward a r e :  zona
glom eru losa , zona f a s c ic u la ta  and zona r e t i c u l a r i s  (26 , 6 0 ). The 
id e n t i f i c a t io n  o f th e  zones i s  based on c e l l  arrangem ent. In  th e  o u te r ­
m ost, zona g lom eru losa , th e  c e l l s  form looped co rds o r c lu s te r s ;  th e  
m idd le , zona f a s c u la ta  i s  composed of long  s t r a ig h t  cords o f c e l l s  in  
th e  in n e r  zona r e t i c u l a r i s  th e  cords o f c e l l s  in te r tw in e ,  form ing a 
re tic u lu m  (16 , 6 0 ) .
H istochem ical s tu d ie s  o f th e  ad ren a l co rtex  have rev ea led  th a t  i t  
c o n ta in s  la rg e  amounts o f c h o le s te ro l  and a sco rb ic  ac id  (5 , 6 , 16, 17,
18, 1 9 ). Evidence in d ic a te s  th a t  c h o le s te ro l  i s  th e  major p recu rso r 
fo r  s te ro id s  (6 , 16, 17, 18, 25, 26, 6 0 ). No ro le  has been assigned  to  
th e  a sco rb ic  ac id  p re se n t.  When th e  organism  i s  r e l a t iv e ly  in a c t iv e ,  
approxim ately  f iv e  p e rcen t o f th e  wet w eight of th e  gland i s  c h o le s te ro l .  
The h igh  le v e ls  o f c h o le s te ro l  in  th e  gland suggest th a t  t h i s  compound 
i s  th e  p recu rso r from which th e  l iv in g  t i s s u e  sy n th es izes  th e  v a rio u s  
s te r o id s .  Although i t  i s  no t known how many hormones th e  co rtex  a c tu a lly  
s e c re te s ,  approxim ately  t h i r t y  such compounds have been is o la te d  from 
a d re n o c o rtic a l e x tr a c ts  (17 , 18, 19, 6 0 ). In  th e  p resence o f adequate 
s u b s tra te s  th e  p e rfu s io n  of ACTH through  th e  is o la te d  bov ine , swine, 
dog and human a d re n a ls  promotes th e  p ro d u c tio n  of many c o r t ic o s te r o id s .  
Under th e  in flu en c e  of enzyme systems p re se n t in  th e  t i s s u e ,  
c o r tic o s te ro id o g e n e s is  proceeds in  a chain  re a c t io n  which d iv id e s  in to  
th re e  pathways (16 , 17, 1 8 ). There i s  g en era l agreement th a t  17-hydroxy- 
c o r tic o s te ro n e  and c o r tic o s te ro n e  a re  th e  main two end p roducts (16, 17, 
18, 19, 25, 4 1 ).
There i s  a sm all b a sa l requirem ent fo r  c o r t ic a l  hormones in  
u n s tre sse d  co n d itio n s  (6 0 ). Superimposed on th i s  b a sa l requirem ent a re  
the  needs e n ta i le d  by v a r io u s  s t r e s s e s .  The c o r t ic a l  hormones a re  
e s s e n t ia l  m ed iato rs o f m etabo lic  p ro cesses  which a f f e c t  th e  e n t i r e  body 
and hom eostasis i s  a l te r e d  i f  they a re  p re se n t in  e i th e r  ex cessive  or 
d e f ic ie n t  amounts (6 0 ),
Turner (60) groups a l l  th e  s te ro id s  in to  th re e  main c la s s e s .  They 
a re :  (1) g lu c o c o -c o rtic o id s  which a re  p r in c ip a l ly  concerned w ith
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in term ed iary  m etabolism  of p ro te in s  and carb o h y d ra tes ; (2) m in era lo - 
c o r t ic o id s ,  th a t  a re  concerned w ith  e le c t r o ly te  ba lance and f lu id  
s h i f t s ;  and (3) a group o f a d re n a lo -c o r t ic a l  compounds which a re  
e s s e n t ia l ly  sex hormones. The g lu c o -c o r tic o id s  promote th e  
ca tab o lism  of p ro te in  and thus make a v a ila b le  necessary  p re cu rso rs  
from which the  l iv e r  can sy n th es ize  carb o h y d ra tes . T h e refo re , g lu co ­
c o r t ic o id s  tend to  cause a n eg a tiv e  n itro g e n  balance in  th e  body and 
hence have an in h ib i to ry  e f f e c t  on th e  growth of young anim als (26 , 6 0 ). 
M in e ra lo -c o rtic o id s  promote u r in a ry  r e te n t io n  o f sodium and c h lo r id e  
and in c re a se  th e  volume of f lu id  in  th e  e x t r a c e l lu la r  spaces (6 0 ).
To m ain ta in  hom eostasis, compensatory changes a re  in i t i a t e d  in  
response to  any s tim ulus th a t  induces any p h y sio lo g ic  im balance. 
O rd in a r i ly , i f  th e  s tim u li  a re  no t too se v e re , a d a p ta tio n s  go on 
q u ie tly  a s  a p a r t  o f a g en era l l i f e  p ro cess  and no harm ful hom eostatic  
unbalance p re v a ils  (6 0 ). Any s t r e s s f u l  co n d itio n  w hich‘invokes 
in te n se  response produces what Selye (54) c a l l s  th e  alarm  r e a c t io n ,  
which c o n s is ts  o f a shock and coun ter shock p hase . W ith continued 
s t r e s s  th e  coun ter shock phase merges in to  th e  r e s is ta n c e  and 
p o ss ib ly  th e  exhaustion  phase (16, 6 0 ). I t  i s  during  th e  coun ter shock 
phase th a t  th e  a n te r io r  p i tu i t a r y  re le a s e s  increased  amounts o f ACTH 
which augment th e  r e le a s e  o f c o r t ic a l  s te ro id s  in  an a ttem p t to  r e ta in  
hom eostasis.
B. Methods o f M easuring A drenal C o r tic a l  Response
The two c h ie f  g lu c o c o rtic o id s  sec re ted  by th e  bovine ad ren a l gland 
a re  h y d ro co rtiso n e  and c o r tic o s te ro n e  in  a r a t io  o f 1:1 (6 1 ). Hydro­
c o r tiso n e  should th e re fo re  be re p re s e n ta t iv e  o f th e  n a tu ra l  hormone
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se c re te d  by c a t t l e  when s tim u la te d  by AGTH (6 1 ). Querido e t  a l ,  (47) 
have s ta te d  th a t  th e  blood le v e l  o f 17-h y d ro x y co rtic o s te ro n e  i s  th e  
b e s t  a v a i la b le  c r i t e r i o n  o f ad ren a l c o r t i c a l  fu n c tio n . A ll  assay s  fo r  
1 7 -h y d ro x y co rtico ste ro n e  a re  based on th e  P o r te r -S ilb e r  (45) c o lo r  
r e a c t io n  which i s  dependent upon th e  fo rm ation  of phenylhydrazones 
in  an ac id  s o lu t io n  a f t e r  e x tr a c t in g  th e  plasma w ith  an o rgan ic  s o lv e n t. 
The e x te n t o f  th e  c o lo r  i s  p ro p o rtio n a l to  th e  amount o f s te ro id  
e x t r a c te d ,  and i s  u su a lly  expressed  as  micrograms p e rc e n t o f  s te r o id .
A most s t r ik in g  a c t io n  o f g lu c o c o r tic o id s  w hether in je c te d  or 
produced endogenously i s  to  d ec rease  th e  number o f e o s in o p h ils  (8 , 21,
31, 59) and lymphocytes in  th e  p e r ip h e ra l  c i r c u la t io n .  The m agnitude 
o f th e  eo sinopen ia  i s  roughly  p ro p o rtio n a l to  th e  amount o f hormone 
in  th e  b lo o d . E o s in o p h ils  rem ain th e  most s e n s i t iv e  method fo r  th e  
b io assay  of a d ren a l c o r t i c a l  s tim u la tio n  (6 0 ). Three ex p la n a tio n s  
have been o ffe re d  to  account fo r  th e  eo s in o p e n ia : (1) in h ib i t io n  o f
bone marrow may p rev en t t h e i r  p r o l i f e r a t i o n  and r e le a s e ;  (2) th e  
hormone may cause th e  e o s in o p h ils  to  seg reg a te  in  such organs as  th e  
sp leen  and lungs (3) th e  hormone may e x e r t  a d e s tru c t iv e  e f f e c t  on 
formed e o s in o p h ils  a f t e r  they  e n te r  th e  body f lu i d s .  S ince t h i s  
phenonomen o c c u rs , th e  number o f e o s in o p h ils  p er cub ic  m illim e te r  of 
b lood i s  used as  an index  of ad ren a l c o r t i c a l  a c t i v i t y .  This assay  i s  
a t  b e s t  a q u a l i t a t iv e  index fo r  c a t t l e  because o f  th e  wide in d iv id u a l 
v a r ia t io n  and low w ith in  anim al c o r r e la t io n  (8 ) ,
There i s  l im ite d  evidence to  in d ic a te  th a t  th e re  i s  a d iu rn a l  
v a r i a t io n  in  c i r c u la t in g  e o s in o p h ils  and 1 7 -h y d ro x y co rtico ste ro n e  in  
normal people (3 1 ). This su g g ests  t h a t  th e se  v a r ia t io n s  a re  a
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r e f l e c t i o n  o f th e  d iu rn a l  f lu c tu a t io n  in  th e  s e c re to ry  a c t i v i t y  o f th e  
a d re n a l c o r te x .
ADRENAL CORTEX AND THYROID 
The concept o f a c lo se  r e la t io n s h ip  between th e  ad re n a l and 
th y ro id  was f a i r l y  w e ll developed by 1934. Such a concept a ro se  
p r im a r ily  because o f  a d e s ir e  to  e x p la in  th e  enigma o f Graves d ise a se  
(3 5 ) . The f i r s t  experim en ta l ev idence to  show a r e la t io n s h ip  between 
th e se  two g lands was re p o rte d  by Hoskins (22) who observed th a t  th e  
ad ren a l g lands o f guinea p ig s  fed d e s ic a te d  th y ro id  showed an  in c re a se  
in  w eight and s iz e .  T h is was confirm ed by H erring  (20) who noted  th a t  
ad re n a l hypertrophy which follow ed th y ro id  feed in g  re p re se n te d  c o r t ic a l  
en largem ent. Hoskins (22) appears  to  have been th e  f i r s t  to  i n v e s t i ­
g a te  th e  e f f e c t s  o f th y ro x in e  on producing  hypertrophy o f th e  ad ren a l 
g lan d s . He found th a t  s im ultaneous feed in g  of a d re n a l c o r te x  w ith  
th y ro x in e  c o u n te rac ted  ad ren a l hypertrophy  r e s u l t in g  from a d m in is tra ­
t io n  of th y ro id  a lo n e .
Recent work su g g ests  s t r e s s f u l  ag en ts  and a d re n o c o r t ic a l  hormones 
have a d ep ress in g  e f f e c t  upon th y ro id  a c t i v i t y .  W illiam s et_ a l . (64)
have shown in  humans th a t  a d re n a lin e , typhoid  v acc in e  and trauma
131depressed  th e  r a t e  o f I  uptake by th e  th y ro id . Form alin in je c t io n s
have s im ila r  a c t io n s  in  r a t s .  S herer and S ie fren g  (55) have re p o rte d
131th a t  p redn isone  and p red n iso lo n e  in  humans dep ressed  serum PBI, I
131uptake and th e  r a t e  o f s e c re tio n  of horm onally bound I  . R obertson 
e t  a l . (50) have re p o rte d  th a t  k e to s is  in  d a iry  c a t t l e  i s  a s so c ia te d  
w ith  e le v a te d  le v e ls  o f plasm a, 17-h y d ro x y c o rtic o s te ro id s  and lowered 
le v e ls  o f PBI. R obertson and e t  a l . (49) determ ined th e  le v e l  o f  17-
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h y d ro x y co rtico s te ro id s  and PBI in  d a iry  cows su ffe r in g  from v a rio u s  
s t r e s s  c o n d itio n s . The s te ro id  le v e ls  were s ig n if ic a n t ly  h igher in  
s tre s se d  th an  normal c o n tro ls  and PBI le v e l was s ig n if ic a n t ly  lower 
in  s tre s se d  than  u n s tre ssed  cows.
Exposure to  h ea t r e s u l t s  in  a re d u c tio n  in  th e  th y ro id  f o l l i c u l a r  
s iz e  and th y ro x in e  s e c re tio n  r a t e .  I t  i s  assumed th a t  t h i s  re p re se n ts  
a decrease  in  th e  p ro d u c tio n  or re le a s e  o f TSH. Money (35) suggests 
th a t  th e  e f f e c ts  o f  s t r e s s  on th y ro id a l a c t iv i ty  may simply be a 
r e f le c t io n  of th e  p i tu i t a r y  s tim u la tin g  th e  re le a se  of ACTH and 
subsequent c o r t ic a l  hormone. The ad ren a l and th y ro id  g lands seem to  
be r e la te d  in  some m a tte r , b u t the  e x te n t of t h e i r  in terdependence and 
th e  mechanism of in te r a c t io n  between t h e i r  re sp e c tiv e  hormones have not 
been e lab o ra ted  (9 , 22, 35, 5 2 ) . No doubt th e se  r e la t io n s h ip s  have not 
been c l a r i f i e d  because p h y s io lo g ic a l in v e s t ig a t io n s  a re  frau g h t w ith  
v a r ia b le s  which make such s tu d ie s  d i f f i c u l t .  The m a jo rity  o f e x p e r i­
ments studying  th e se  r e la t io n s h ip s  have used d i f f e r e n t  sp e c ie s , s t r a in s  
of an im als, sex es, ag es , and environm ental c o n d itio n s . In  a d d itio n  to  
th e se  v a r ia b le s ,  th e  use o f ra d io io d in e  confuses th e  p ic tu re  even more.
Many of th e  p a s t r e la t io n s h ip  s tu d ie s  have employed th y ro id a l  uptake and 
131re le a s e  o f I  as  a measure o f th y ro id a l  a c t i v i t y .  I t  i s  now recognized 
th a t  th e se  in d ic e s  a re  no t a c cu ra te  (4 6 ). Money (35) s ta t e s  in  a review 
of a d re n a l- th y ro id  r e la t io n s h ip s ,  th a t  th e re  i s  probably no prim ary 
r e la t io n s h ip  between th e  th y ro id  and th e  ad ren a l c o r te x . I t  would seem 
more l ik e ly  th a t  b o th  organs a re  e s s e n t ia l  and th a t  changes in  one o r 
th e  o th e r produce marked e f f e c ts  in  th e  hom eostasis o f th e  an im al.
EXPERIMENTAL METHODS AND MATERIALS 
G eneral O utline
Ten H o ls te in  h e if e r s  which were uniform  in  age and body w eight 
were se le c ted  fo r  the  experim ent. A ll anim als were approxim ately  13 
months o f age and averaged 500 pounds in  body w eight a t  th e  i n i t i a t i o n  
o f th e  experim ent. From December 20, 1960 to  February 26, 1961 - 
(69 days) a l l  anim als were k ep t stanchioned o u ts id e  th e  c lim a tic  
c o n tro l chamber under an open shed. December 20, 1960 to  January 2, 
1961 was an ad justm ent perio d  in  which no d a ta  were c o l le c te d .  A 
hygrotherm ograph recorded th e  r e l a t iv e  hum idity and a i r  tem perature 
du ring  th i s  perio d  of tim e.
From February 26, 1961 to  May 2, 1961 (65 days) the  anim als were 
su b jec ted  to  tem peratu res rang ing  from 75° F. to  95° F. a t  20 m i l l i ­
m eters o f Hg. vapor p re s s u re . The tem peratu re  was cycled accord ing  
to  th e  fo llow ing  schedule.
Hour____________________ Temperature (F°)
0600 -  1000 85
1000 -  1800 95
1800 - 2200 85
2200 - 0600 75
Animals were m ain tained  under e l e c t r i c  l ig h t s
fo r  14 hours per day.
A 16 p e rcen t crude p ro te in  g ra in  and a l f a l f a  hay r a t io n  was fed in  
amounts th a t  fu rn ish ed  approxim ately  120 p e rcen t o f th e i r  requ irem en ts 
accord ing  to  M orrisons ' (37) stan d ard s fo r  growing an im als. S a lt  and
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w ater were a v a i la b le  to  a l l  an im als on ad l i b  i t  vim b a s is .
C o lle c tio n  o f Data 
S ince t h i s  experim ent was o f an e x p lo ra to ry  n a tu re  and because th e  
prim ary o v e ra l l  o b je c tiv e  was to  de term ine i f  th e  tre a tm e n t (h ea t)  
imposed on th e  anim als was sev ere  enough to  induce a s t r e s s f u l  con­
d i t i o n ,  a s t r i c t  adherence to  an ex perim en ta l p e rio d  was ig n o re d .
However, a l l  d a ta  were c o l le c te d  a t  approx im ate ly  equal in te r v a ls  
(15 day) and sim u ltaneously  th roughou t th e  experim en t. The procedure 
fo r  th e  c o l le c t io n  o f s p e c if ic  d a ta  w i l l  be p re se n te d  under th e  fo llow ing  
head in g s: (1) a d re n a l c o r t i c a l  re sp o n se , (2) th y ro id a l  response  and
(3) m etab o lic  re sp o n se .
A. A drenal C o r t ic a l  Response
1 . S te ro id  A n a ly s is
The p rocedure  a s  o u tlin e d  by R obertson  and M ixner (48) was 
employed w ith  th e  ex cep tio n  o f  a few m o d if ic a tio n s  th a t  were n ecessa ry  
because of d i f f i c u l t i e s  encountered  in  s ta n d a rd iz in g  th e  p ro ced u re .
The m o d if ic a tio n s  were as  fo llo w s : The a u th o rs ' p rocedure c a l le d  fo r
w ashing th e  e th y l a c e ta te  e x t r a c t  th re e  tim es w ith  s a tu ra te d  sodium 
c h lo r id e  and f iv e  tim es w ith  co ld  sodium hydrox ide . Because o f th e  
d i f f i c u l t y  in  removing p igm ental m a te r ia l  th a t  tended to  o b l i t e r a t e  
th e  c o lo r  r e a c t io n ,  th e  e th y l a c e ta te  e x t r a c t  was washed f iv e  tim es 
w ith  s a l t  and te n  tim es w ith  sodium h ydrox ide . In  a d d i t io n ,  th e  
m ethanol-hexane phase was p a r t i t io n e d  f iv e  tim es in s te a d  o f th e  
recommended th r e e .  An a b so rp tio n  curve was ru n  on a plasma e x tr a c t  
and from a s to ck  s o lu t io n  o f 1 7 -h y d ro x c o rtic o s te ro n e  to  v e r i f y  th a t  
maximum a b so rp tio n  was o cc u rrin g  a t  410 Mu o f w avelength , A standard
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curve was p repared  by ta k in g  2, 4 , 6 , 8 , and 19 micrograms of a s to ck  
s o lu t io n  of s te ro id  and re g re s s in g  th e  o p t ic a l  d e n s ity  (Y) on co n cen t­
r a t io n  o f s te ro id  (X ). Each Y v a lu e  t h a t  was used in  c a lc u la t in g  th e  
r e g re s s io n  eq u a tio n  was a mean of te n  o b se rv a tio n s*  By fo llo w in g  th i s  
p ro ced u re , th e  fo llo w in g  re g re s s io n  e q u a tio n  was ob ta ined  and used to  
ex p ress  a l l  ob ta ined  v a lu e s .
Amount o f s te ro id  (X) = 20.675 x o p t ic a l  d e n s ity  (Y)
A Bausch and Lomb S p ec tro n ic  20 spectropho tom eter was used in s te a d  
of th e  recommended Beckman Model B. However, th e  accuracy  of th e  Bausch 
and Lomb was checked a g a in s t  a Beckman DU and th e re  were no ap p aren t 
d if f e re n c e s  in  accuracy  fo r  t h i s  work.
Follow ing a te n  day ad justm ent p e r io d  a t  th e  i n i t i a t i o n  o f th e  
experim en t, approx im ate ly  200 m i l l i t e r s  o f blood was o b ta in ed  from each 
a n ima l  a t  s ix  hour in te r v a ls  f o r  a p e rio d  of 48 h o u rs . T his was fo r  
th e  purpose o f  de term in ing  i f  th e re  was a d iu rn a l  v a r ia t io n  in  s te ro id  
l e v e l .  T h e re a f te r ,  s te ro id  a n a ly s is  was conducted a t  approx im ate ly  15 
day in te r v a ls  fo r  th e  rem ainder o f th e  experim en t. Recovery r a t e s  o f 
added s te ro id  to  plasma were ob ta ined  du rin g  each a n a ly s is  by adding 
known amounts to  p lasm a.
2 . E osinoph il Counts
Venous blood was o b ta in ed  fo r  a l l  counts and d i lu te d  (1 :10) in  a 
w h ite  c e l l  p ip e t te  w ith  Dungers s o lu t io n  as o u tl in e d  by Johnston  et_ a l . 
(2 8 )o The number o f e o s in o p h ils  in  32 square m ill im e te rs  o f a Fuchs- 
R o sen th a ll coun ting  chamber were expressed  as  c e l l s  p er cub ic  m i l l i ­
m e te r. Counts were made on a l l  an im als th re e  tim es d u rin g  th e  cool 
phase to  e s ta b l i s h  base  l e v e l s .  At th e  beg inn ing  o f th e  h o t p h ase ,
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counts were made every two days on a l l  anim als in  an e f f o r t  to  
e s ta b l is h  a time fo r  s te r o id  a n a ly s is  when the  anim als would be 
under maximum h e a t s t r e s s .  A fte r  the anim als had been su b je c te d  
to h ea t fo r  about 10 days, c e l l  counts were made a t  15 day in te r v a ls .
B. T hyro idal Response
1. P ro te in  Bound Iod ine (PM)
The p rocedure as o u tl in e d  by Taurog (58) and m odified  by Moran 
(36) was employed fo r  a l l  d e te rm in a tio n s . A ll  PBI d a ta  were c o l ­
le c te d  s im u ltan eo u sly  w ith  s te r o id  a n a ly s is  w ith  the  ex cep tio n  of 
when th y ro x in e  u t i l i z a t i o n  r a te s  were o b ta in e d . On th ese  o ccas io n s , 
blood san p le s  fo r  PBI a n a ly s is  were o b ta in ed  p r io r  to  th e  in je c t io n  
of ra d io th y ro x in e . The PBI v a lu es  o b ta in ed  in  the la b o ra to ry  were
c o r re c te d  fo r  recovery  r a te s  as determ ined by ra d io th y ro x in e  is to p e
-3d i lu t io n  technique by adding 120 x 10 m ic ro c u ries  to  each serum
sample a f t e r  p r e c ip i ta t io n  and washing of p r o te in .  A s tan d a rd  was
_ 3
o b ta in ed  by d i lu t in g  120 x 10 m ic ro c u ries  of rad io th y ro x in e  in  the 
manner as d esc rib ed  in  the  PBI procedure by Moran (36 ). Three m i l l i ­
l i t e r  a l iq u o ts  of the s tan d a rd  and of the p ro te in  p r e c ip i ta te  were 
counted in  a n u c lea r Chicago model 183B s c i n t i l l a t i o n  w e ll c o u n te r .
2. Thyroxine U t i l i z a t io n  and E stim ated  S e c re tio n  Rate
Twice during  th e  co o l phase and tw ice during  the  h o t ph ase , a t
131approxim ately  t h i r t y  day in te r v a ls ,  20 m ic ro cu ries  o f I  r a d io ­
th y ro x in e*  p e r hundred pounds o f body w eigh t was in je c te d  in to  the  
ju g u la r  v e in  o f each anim al. Im m ediately a f t e r  each in je c t io n ,  a
*Abbott L a b o ra to rie s
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standard  curve was p repared  by ta k in g  in c re a s in g  increm ents o f a 
known amount o f ra d io a c t iv e  th y ro x in e  from th e  in je c t io n  so lu tio n  
and made up to  a volume of 4 m l. w ith  .01 N sodium hyd ro x id e . These 
samples were s to red  under r e f r i g e r a t i o n  u n t i l  a l l  b lood  samples were 
o b ta in e d . Two grams o f th io u r a c i l  p e r hundred pounds o f  body w eight 
were fed in  g e la t in  c a p su le s , T h io u ra c il  feed ing  was i n i t i a t e d  
im m ediately a f t e r  in je c t io n  o f  ra d io th y ro x in e  and fed  a t  12 hour 
in te rv a ls  fo r  96 h o u rs . A fte r  th e  ra d io th y ro x in e  had become d i s ­
t r ib u te d  in to  the  th y ro x in e  d i s t r i b u t io n  space (approx im ately  24 
h o u rs ) , blood samples were o b ta in ed  a t  12 hour in t e r v a l s  fo r  a p e rio d  
o f 72 h o u rs . A f te r  each b leed in g  fo u r m i l l i l i t e r s  o f  blood a re  
p ip e t te d  in to  a n in e  cen tim e te r t e s t  tube and s to re d  a t  4° C.
The ra d io  a c t i v i t y  in  a l l  b lood samples was determ ined d u ring  
one coun ting  p e rio d  in  a s c i n t i l l a t i o n  w e ll coun ter t h a t  had been 
s tan d a rd ized  a g a in s t  c o b a lt .  Readings (coun ts p er m inu te) were r e ­
corded s e v e ra l tim es fo r  background and th e  standard  curve du ring  
th e  coun ting  p e r io d . Background coun ts  were used to  c o r re c t  a l l  
blood co u n ts .
-3
A re g re s s io n  c o e f f ic ie n t  ( - lo g eb x 10 ) was c a lc u la te d  fo r
each anim al by re g re s s in g  loge o f m ic ro c u rie s  o f a c t i v i t y  (Y) on 
tim e (h o u rs ) . T his g iv es  a r a t e  c o n s ta n t fo r  th e  d isap p earan ce  o f 
ra d io th y ro x in e  from th e  blood ( u t i l i z a t i o n  r a t e ) .
Thyroxine d i s t r ib u t io n  volume was c a lc u la te d  by d iv id in g  th e  
m ic ro cu ries  o f th y ro x in e  in je c te d  by th e  m ic ro cu ries  o f  r a d io a c tiv e  
th y ro x in e  p e r m i l l i l i t e r  p re se n t a t  zero  tim e as determ ined from th e  
re g re s s io n  eq u a tio n .
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Estim ated th y ro x in e  s e c re tio n  r a t e  was ob ta ined  by th e  method
of Ingar and F re in k e l (24) by th e  fo llow ing  form ula:
estim ated  s e c re tio n  ra te /d a y /c w t =
th y ro x in e  th y ro x in e
micrograms p e rcen t o f  PBI 653 x d i s t r ib u t io n  x tu rn o v er
____________________________________ volume (m l.)  r a te /d a y
body w eight
C. M etabolic  Response 
Estim ated Heat P ro d u c tio n , R e sp ira tio n  Rate and 
Body Tem perature
Estim ated h ea t p ro d u c tio n  was determ ined by in d ire c t  ca lo rim e try
by assuming th a t  each l i t e r  of oxygen consumed was equal to  4.825
c a lo r ie s  o f h e a t produced. The v a lu e  ob tained  was expressed as k i lo -
.72
c a lo rie s /cw t*  /hour (3 ) .
R esp ira tio n  r a te s  and body tem peratu res  were ob tained  sim ul­
taneously  w ith  h ea t p ro d u c tio n .
Dry M atter In ta k e  and Body Weight Changes 
The amount of feed given to  in d iv id u a l anim als was weighed and 
recorded  to  th e  n e a re s t te n th  of a pound, tw ice  d a i ly .  The le v e l  of 
g ra in  feed ing  was held co n s tan t throughout th e  experim ent by feed ing  
each animal fo u r pounds p er day. S u f f ic ie n t  a l f a l f a  hay was fed 
a long  w ith  g ra in  to  meet 120 p e rce n t o f M orrisons ' (37) recommenda­
t i o n s ,  Hay o ffe red  to  and refu sed  by anim als was ob tained  d a ily  and
composited se p a ra te ly  fo r  tw elve day m oistu re  d e te rm in a tio n . M oisture
o
co n ten t of g ra in  and hay was ob ta ined  by d ry ing  samples a t  105 C. 
u n t i l  a co n s ta n t w eight was o b ta in ed . The mean d a i ly  dry m atte r 
in ta k e  was ob ta ined  fo r  a l l  anim als a t  tw elve day in te r v a ls .  At 
tw elve day in te r v a ls ,  an average two day body w eight was o b ta in e d .
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S t a t i s t i c a l  A n a ly sis  
An IBM 650 computer was employed to  analyze  a l l  d a ta  by methods 
o f a n a ly s is  o f v a r ia n c e , m u ltip le  re g re s s io n  and sim ple c o r r e la t io n  
as  o u tlin e d  by Snedecor (5 6 ) . A ll m u ltip le  re g re s s io n  and sim ple 
c o r r e la t io n  d a ta  excep t th y ro x in e  u t i l i z a t i o n  and s e c re t io n  r a t e s ,  
a re  based on mean v a lu e s  fo r  each an im al. T his was n ecessa ry  in  o rd e r 
to  u t i l i z e  a l l  d a ta  in  o b ta in in g  c o r r e la t io n  and re g re s s io n  c o e f f i c i ­
e n ts .
IV. RESULTS AND DISCUSSION 
This experim ent was conducted as  a p i l o t  s tudy . As such, an 
a ttem pt was made to  measure animal response in  as many ways as  
p o s s ib le .  The response of a l l  anim als was ob tained  w ith  te n  
d i f f e r e n t  assay p rocedures. For th e  p re se n ta tio n  of th e  d a ta ,  th e  
experim ent was d iv ided  in to  te n  - 12 day p e r io d s . A v a lu e  fo r  each 
measure o f animal response was no t ob tained  in  each of th e se  p e r io d s . 
However, a measurement o f r a te  o f w eight g a in  and dry m a tte r  in ta k e  
was ob tained  in  each p e r io d . For com parative purposes, those  d a ta  
which were no t c o lle c te d  in  each perio d  a re  desig n a ted  by the  
perio d  number in  which they were c o l le c te d .
The r e s u l t s  of t h i s  in v e s t ig a t io n  w i l l  be p resen ted  and d iscussed  
in  th e  fo llow ing  o rd e r: A. Ambient c o n d itio n s  fo r  th e  experim ent;
B. Thyroid a c t i v i t y ;  C. A d ren o co rtica l a c t i v i t y ;  D. M etabolic 
response ; and E. G eneral D iscu ssio n .
A. Ambient C onditions fo r  th e  Experiment 
F igure 1 i s  a g rap h ica l p re s e n ta t io n  of th e  f iv e  day maximum and 
minimum am bient a i r  tem peratu re  and mean vapor p re ssu re  during  th e  
experim ent. Cognizance i s  g iven  to  th e  f a c t  th a t  ambient tem peratu res
were q u ite  v a r ia b le  du ring  th e  cool phase rang ing  from a 5 day average
o ominimum o f 38 F. to  an average maximum o f 70 F. T h e re fo re , i t  i s
reaso n ab le  to  assume th a t  some o f th e  v a r i a b i l i t y  ob ta ined  in  th e
response o f th e  anim als during  t h i s  p o r tio n  o f th e  experim ent can be
a t t r ib u te d  to  ambient c o n d itio n s . From th i s  graph i t  can be seen th a t
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d a ily  maximum and minimum tem perature  were e lev a ted  to  95 and 75° F», 
r e s p e c t iv e ly .  The p a r t i a l  p re ssu re  o f w ater vapor was m aintained 
a t  20 m illim e te rs  o f Hg. du rin g  th e  ho t phase.
B. Thyroid A c tiv ity
The r e s u l t s  o f p ro te in  bound io d in e  (PBI) an a ly ses  during  each 
trea tm en t and c o l le c t io n  p erio d  a re  shown in  Table 1 . The recovery  
r a te  o f serum io d id e  which has been d escrib ed  in  th e  experim ental 
procedure was used to  convert the  PBI v a lu e  ob ta ined  in  the  la b o ra ­
to ry  to  a hundred p e rcen t b a s is .  A ctual recovery  r a te s  o f iod ide  
were used to  c o r re c t  a l l  PBI v a lu es  except fo r  th e  f i r s t  th re e  
c o l le c t io n  p e rio d s  when th e  iso to p e  d i lu t io n  techn ique was no t 
u t i l i z e d .  A recovery  r a te  o f fo r ty  p e rcen t was assumed to  c o r re c t  PBI 
v a lu es  in  th e  f i r s t  th re e  p e r io d s . This assumed recovery  r a te  was 
based on an average of a l l  computed recovery r a t e s .
O bservation  o f  t h i s  ta b le  w il l  re v e a l co n s id e rab le  w ith in  animal 
v a r ia t io n  du rin g  th e  cool phase. The among anim al PBI v a lu es  were con­
s is t e n t ly  high du ring  th e  second p erio d  and c o n s is te n tly  low during  th e  
fo u rth  p e r io d . During th e  hot phase, i t  can be observed th a t  th e  PBI 
v a lu es  were very  c o n s is te n t .  A nalysis  of v a rian ce  fo r  th e se  d a ta  
(Appendix Table 1) show th a t  th e  PBI v a lu es  fo r  hot c o n d itio n s  were 
s ig n if ic a n t ly  lower (P < .0 1 )  than fo r  cool and th a t  a  h ighly  
s ig n i f ic a n t  perio d  w ith in  trea tm en t d if fe re n c e  e x is te d . Duncans' (7) 
m u ltip le  range t e s t  was employed to  t e s t  th e  s ig n if ic a n c e  o f mean 
d if f e re n c e s .  The r e s u l t s  o f th i s  t e s t  revea led  th a t  a l l  of th e  period  
means under cool co n d itio n s  were s ig n if ic a n t ly  d i f f e r e n t  from each 
o th e r and th a t  th e  perio d  means ob tained  under ho t co n d itio n s  were not
25
s ig n i f ic a n t ly  d i f f e r e n t .
No evidence i s  a v a ila b le  in  th e  l i t e r a t u r e  to  show th a t  any
p re v io u s  PBI d a ta  have been c o rre c te d  fo r  recovery  r a t e  of io d id e  in
th e  b lood as has been  done in  th e  p re se n t study. I t  i s  b e lie v e d  th a t
th e  PBI va lues o b ta in e d  by a  procedure a s  employed in  the p re se n t
study i s  the  most a c c u ra te  measurement t h a t  can be o b ta in ed .
Assuming th a t  th e  PBI v a lu es  ob ta ined  a r e  c o r r e c t , i t  i s  ap p aren t
th a t  marked f lu c tu a t io n s  o ccu rred  in  th e  c i r c u la to ry  le v e ls  o f  iod ide
under coo l c o n d it io n s .  However, when th e  anim als w ere exposed to  hot
c o n d it io n s , th e  PBI va lues became more s ta b le .  I f  PBI v a lu es  a re  a
good index of th y ro id  a c t i v i t y  th ese  d a ta  would in d ic a te  th a t  th e
m etab o lic  a c t iv i ty  o f  the an im als  was somewhat v a r ia b le  under coo l
c o n d itio n s  but ten d ed  to  s t a b i l i z e  under h e a t exposu re . A lthough
n o n s ig n if ic a n t ,  th e  p e r io d - te n  PBI v a lu e  was lower th an  any o th e r
mean under hot c o n d itio n s . An o b se rv a tio n  of p e rio d  ten  w i l l  re v e a l
th a t  e ig h t  of th e  t e n  anim als had a low er PBI v a lu e  th an  fo r  th e
n in th  p e r io d . T h is  in d ic a te s  th a t  th e  a c t i v i t y  o f th e  th y ro id  gland
was d e c lin in g ; presum ably due to  th e  e f f e c t s  of th e  h o t c l im a te .
There i s  some doubt abou t th e  va lue  o f PBI d a ta  as an Index  of
th y ro id  fu n c tio n . Lennon and Mixner (34) s ta te  t h a t  th e  v a lu e  o f
PBI in  c a t t l e  a s  an  index o f th y ro id  fu n c tio n  has n o t been a s c e r ta in e d
because o f a la c k  o f  a w ell d e fin ed  syndrome. Hamblin (14) found a
n o n s ig n if ic a n t c o r r e la t io n  betw een PBI le v e l  and th y ro x in e  s e c re t io n
131r a te  a s  determ ined by the I  re le a se  te c h n iq u e . Johnston et^ a l .
(30) found PBI a p o o r index o f  any measure o f m e tab o lic  a c t i v i t y .
The mean PBI v a lu e s  were 6 .4  and 5 .1  micrograms p e rc e n t,
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TABLE 1
Serum p ro te in  bound io d in e  v a lu e s  under cool and ho t c o n d itio n s
(micrograms p e rc e n t)
Cool_________ Hot
Animal
number 1 2 3
P eriod  
4 5 7 9 10
559 5 .5 8.5 2.6 4 .3 5 .4 4 .7 4 .3 3 .3
561 7.2 11.3 3 .1 2.6 5 .8 3.0 3 .3 4 .7
562 8.9 11.9 4 .4 3.5 5 .6 4 .3 6 .9 5 .0
563 8 .0 7.5 5 .3 3 .3 6 .3 6 .8 7 .2 3 .9
564 5 .3 8 .8 6 .9 4 .9 3 .8 8 .0 6 .0 4 .1
565 7.8 10.2 5 .3 2.9 6 .3 5.5 7.5 3.9
566 7.7 10.8 8 .9 3.3 5 .3 6 .0 5 .8 4 .5
567 7 .3 10.5 ‘ 6 .6 3.3 4 .6 6 .8 5 .6 3 .4
568 7 .4 6 .3 4 .7 2.6 5 .7 4 .4 5 .6 3.5
569 8.0 12.8 4 .4 2.9 4 .3 6 .2 3.6 4 .3
Mean 7 .3  9 .9  5 .2  3 .4  5 .3  5 .6  5 .6  4 .1
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r e s p e c t iv e ly ,  under coo l and ho t c o n d it io n s . The o v e ra l l  mean was
6 .4  + 0.42 micrograms p e rc e n t .
R adio thyroxine was in je c te d  fo u r tim es du ring  th e  course  of the  
experim en t, tw ice  d u rin g  th e  coo l and ho t p h a se s , r e s p e c t iv e ly ,  a t  30- 
day in te r v a l s .  Thyroxine u t i l i z a t i o n  r a t e  and b io lo g ic a l  h a l f - l i v e s  
ob ta in ed  from th e se  in je c t io n s  a re  shown in  Table 2.
A n aly sis  o f v a r ia n c e  (Appendix Table 2) rev ea led  th a t  hot 
c o n d itio n s  h ig h ly  s ig n i f ic a n t ly  d ecreased  th e  th y ro x in e  u t i l i z a t i o n  
r a t e .  This same ta b le  shows th a t  th e re  was a h ig h ly  s ig n i f ic a n t  
p e rio d  w ith in  tre a tm en t v a r ia n c e . Duncans' (7) m u ltip le  range t e s t  
shows th a t  th e  mean u t i l i z a t i o n  r a te s  were s ig n i f ic a n t ly  d i f f e r e n t  
under coo l c o n d it io n s ,  b u t were no t s ig n i f ic a n t ly  d i f f e r e n t  w ith in  th e  
ho t phase .
The b io lo g ic a l  h a l f - l i v e s ,  shown in  Table 2, b ea r p h y s io lo g ic a l 
s ig n if ic a n c e  because they m easure th e  d u ra tio n  of e f fe c t iv e n e s s  of 
th e  hormone upon th e  c e l l s  o f  th e  t a r g e t  organ or t i s s u e  which i t  
in f lu e n c e s  (4 2 ). In  th e  p re se n t study th e  b io lo g ic a l  h a l f - l i f e  con­
veys th e  meaning th a t  th e  mean th y ro x in e  se c re te d  by th e  anim al p er 
day, in  th e  coo l phase re q u ire d  53 .9  hours fo r  o n e -h a lf  of i t  to  be 
e lim in a ted  from th e  blood and 53 .9  hours fo r  o n e -h a lf  o f th e  r e ­
m ainder. This same co n n o ta tio n  a p p lie s  to  th e  b io lo g ic a l  h a l f - l i f e  
fo r  th e  h o t phase o f th e  experim en t.
Comparison o f th e  th y ro x in e  u t i l i z a t i o n  d a ta  w ith  th e  co rresp o n d ­
ing  p e rio d  means fo r  th e  PBI d a ta  w i l l  d is c lo s e  th a t  u t i l i z a t i o n  r a te  
tended to  be in v e rse ly  r e la te d  to  PBI, however, no t to  a s ig n i f ic a n t  




Thyroxine u t i l i z a t i o n  r a te s  ( - lo g ebxlO ) and b io lo g ic a l  h a l f - l iv e s  






A a / B A B A B A B
559 12.18 56.9 15.38 45.1 11.51 60.3 10.96 63.2
561 14.71 47.1 15.16 45.7 10.42 66.5 10.63 65.2
562 13.38 51.8 11.95 58.0 9.98 71.8 8.58 67.9
563 11.29 61.4 13.30 52.1 9.40 64.0 10.45 66.3
564 10.62 65.3 13.95 49.7 8.98 77.1 11.00 63.0
565 9.05 76.6 11.83 58.6 8.33 83.2 10.53 65.9
566 11.56 60.0 13.14 52.7 9.63 72.0 12.14 57.1
567 12.99 38.5 16.60 41.7 10.30 67.3 11.73 58.8
568 12.00 57.8 17.89 38.7 10.73 64.6 11.59 59.8
569 12.94 53.6 14.79 47 .0 11.21 61.8 13.17 52.6
Mean 12.07 56.9 14.40 48.9 10.05 68.9 11.08 61.0
a/
A = Thyroxine u t i l i z a t i o n  r a te  
B = B io lo g ic a l h a l f - l i f e
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under cool and ho t c o n d itio n s  w ith  th e  use o f H o ls te in s ,  Je rsey  and 
S in d h i-H o ls te in  h e i f e r s .  On th e  b a s is  o f th e  r e s u l t s  ob ta ined  by 
Johnston  et^ a l . (29) and in  th e  p re se n t s tu d y , th e  u t i l i z a t i o n  r a t e  
could conceivab ly  be th e  c o n tro l l in g  f a c to r  in  th e  r e g u la t io n  of 
th y ro x in e  s e c re t io n  r a t e .  Assuming th a t  th e  m etabo lic  requ irem en ts  
fo r  th y ro x in e  a re  in c reased  a t  th e  c e l l u l a r  le v e l ,  o b v io u s ly , th e  
u t i l i z a t i o n  r a t e  o f t h i s  hormone w i l l  in c re a s e .  The in c reased  d i s ­
appearance o f  th y ro x in e  from th e  blood would r e s u l t  in  a red u c tio n  
in  th e  blood le v e l  o f th e  hormone. A low blood hormonal le v e l  w i l l  
s tim u la te  th e  a n te r io r  p i t u i t a r y  to  b r in g  about a  h ig h e r  blood le v e l  
o f th y ro x in e . This mechanism would work in  th e  re v e rs e  d i r e c t io n  i f  
th e  m etab o lic  requ irem en ts  fo r  th y ro x in e  d ec rease d .
D ata on th y ro x in e  u t i l i z a t i o n  r a t e  has an o th e r m eaningful 
in t e r p r e ta t io n  when compared to  th e  PBI l e v e l s .  The u t i l i z a t i o n  r a t e  
d u rin g  th e  fo u r th  p e rio d  was s ig n i f i c a n t ly  h ig h er th an  fo r  th e  f i r s t  
p e rio d  w h ile  th e  mean PBI v a lu e  fo r  th e  fo u r th  p e rio d  was th e  low est 
reco rded  du rin g  th e  experim en t. A lso , th e  mean PBI v a lu e  d u rin g  th e  
f i r s t  p e rio d  was s ig n i f ic a n t ly  h ig h e r th an  d u rin g  th e  fo u r th  p e r io d . 
These d a ta ,  a long w ith  th e  e s tim a te s  o f h ea t p ro d u c tio n , in d ic a te  th a t  
f lu c tu a t io n s  in  m etabo lic  a c t i v i t y  were more marked th an  d u rin g  th e  
ho t phase .
The r e s u l t s  o f t h i s  study ag ree  w ith  p rev io u s  work by Johnston  
e t  a l . (29) under coo l and ho t c o n d itio n s  b u t d isa g re e  w ith  th o se  o f 
P ip es  e t  al_. (42) a t  M isso u ri. The M isso u ri w orkers found no 
s ig n i f ic a n t  w ith in  y e a r  v a r ia t io n  in  th e  th y ro x in e  tu rn o v e r r a t e .  
Ambient tem pera tu re  fo r  th e  M isso u ri study ranged from a low mean of
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53° F. to  a h igh  o f 75° F . O bviously , th e  am bient c o n d itio n s  o f such
a study were n o t as severe  as  th o se  o f Johnston  et^ a l . (29) and of
th e  p re se n t s tudy . The M issouri work was a ls o  conducted over a long 
p e rio d  o f tim e as compared to  a s h o r t tim e f o r  th e  work o f Johnston 
e t  a l . (29) and the  p re se n t s tu d y . E ith e r  o f th e se  two reaso n s  could 
e x p la in  th e  d isagreem ent between th e  M issou ri and th e  L o u is ian a  work.
Thyroxine s e c re t io n  r a t e  was es tim a ted  by th e  method o f Ingar 
and F re in k e l (24) a s  o u tlin e d  in  th e  experim en ta l p ro ced u re . The 
accuracy  o f t h i s  e s tim a te  i s  in  d i r e c t  p ro p o rtio n  to  th e  p r e c is io n  
ob ta ined  in  m easuring th y ro x in e  u t i l i z a t i o n  r a t e  and p r o te in  bound 
io d in e . These d a ta  a re  shown in  T able 3.
The s t a t i s t i c a l  a n a ly s is  o f th e se  d a ta  (Appendix Table 3) re v e a l
th a t  hot c o n d itio n s  h ig h ly  s ig n i f ic a n t ly  d ecreased  th e  es tim a ted  
s e c re tio n  r a t e .  The mean r a te  fo r  th e  coo l phase was 0.2095 m i l l i ­
grams p er hundred pounds o f w eight a s  compared to  0.1076 m illig ram s 
under hot c o n d itio n s . In  o th e r  w ords, th e  mehn es tim ated  s e c re t io n  
r a t e  was 49 p e rcen t low er under ho t c o n d itio n s . Johnston  e t  a l . (29) 
employed th e  same p rocedure  used in  th e  p re s e n t  study to  compare 
es tim ated  th y ro x in e  s e c re t io n  r a t e  under coo l (60 -  70° F .)  and ho t 
(75 - 95° F .)  c o n d it io n s . With th e  use o f growing H o ls te in , Je rsey  
and H o ls te in -S in d h i h e i f e r s ,  th e se  w orkers were unable to  show a 
s ig n i f ic a n t  d if f e re n c e  between th e  s e c re t io n  r a t e  a f t e r  30 days of 
h e a t exposure as compared to  coo l c o n d itio n s . A study o f th e  d a ta  
o f  Johnston et^ al^. (29) d is c lo s e s  th a t  th e  PBI co n ten t in c reased  
d u rin g  h e a t exposure w h ile  u t i l i z a t i o n  r a t e  d e c lin e d . These d iv e rg en t 
r e s u l t s  tended  to  g iv e  a b lend ing  e f f e c t  th a t  p reven ted  a s ig n i f ic a n t
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TABLE 3
Estim ated  th y ro x in e  s e c re t io n  r a t e  fo r  coo l and ho t c o n d itio n s
(M g/cwt/day)





559 0.1696 0.1763 0.1390 0.0641
561 0.3358 0.1780 0.0899 0.0748
562 0.2998 0.1767 0.1207 0.0800
563 0.2919 0.1334 0.1303 0.0623
564 0.1529 0.1814 0.2224 0.0721
565 0.2408 0.0930 0.1172 0.0646
566 0.1768 0.1204 0.1589 0.0867
567 0.4097 0.1573 0.1891 0.0663
568 0.2686 0.1287 0.1415 0.0185
569 0.3681 0.1311 0.2326 0.0220
Mean 0.2714 0.1476 0.1542 0.0611
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d e c lin e  from o ccurring  in  th e  estim ated  s e c re tio n  r a t e .  The r e s u l t s  
o f t h i s  in v e s t ig a t io n  agree favorab ly  w ith  th o se  ob tained  by 
Johnston eit a l .  (29) in  th e  e s tim a te  o f s e c re tio n  r a te  a f t e r  t h i r t y  
days o f h ea t exposure. In  th e  p re se n t s tudy , th e  mean e s tim a te  of 
s e c re tio n  r a t e  ob tained  a f t e r  s ix ty  days under hot co n d itio n s  was 
s ig n i f ic a n t ly  lower than  a t  p rev ious tim es. These r e s u l t s  in d ic a te  
th a t  t h i r t y  days may not be a s u f f ic ie n t  perio d  o f tim e fo r  m eta­
b o l ic  ad justm en ts to  occur to  a llow  a red u c tio n  in  th y ro x in e  s e c re tio n  
r a t e .
The only c o r re la t io n  which was v a lid  to  make was between 
u t i l i z a t i o n  r a te  and PBI l e v e l .  The reason  fo r  th i s  i s  th a t  PBI 
co n ten t was used in  con ju n c tio n  w ith  th y ro x in e  u t i l i z a t i o n  r a te  to  
e s tim a te  th e  s e c re tio n  r a t e .  T h e re fo re , estim ated  s e c re tio n  r a te  
could no t be c o r re la te d  w ith  PBI co n ten t o r w ith  u t i l i z a t i o n  r a t e .
A 'n o n s ig n if ic a n t c o r re la t io n  of -0 .18  was found between PBI co n ten t 
and u t i l i z a t i o n  r a t e .  Johnston e t  a l .  (30) lik ew ise  ob ta ined  a 
n eg a tiv e  c o r re la t io n  of 0.11 between th ese  v a r ia b le s .
C. A drenal C o r tic a l A c tiv ity
L im ited in fo rm ation  (31) in d ic a te s  th a t  a d iu rn a l v a r ia t io n  
e x is t s  in  th e  c i r c u la t in g  blood le v e ls  of v a rio u s  s te ro id s  in  humans. 
This suggests th a t  a d iu rn a l rhythm e x is ts  in  th e  ad ren a l c o r t ic a l  
a c t i v i t y .
In  o rd er to  exp lo re  th e  p o s s ib i l i ty  th a t  such a p a t te r n  was 
p re se n t in  c a t t l e ,  p re lim in ary  in fo rm ation  was ob ta ined  on the  d iu rn a l 
le v e ls  o f 17-h y d ro x y co rtico ste ro n e  over a f o r ty - e ig h t  hour p e r io d , 
as  p rev io u sly  d escrib ed  in  th e  experim ental p rocedure . The s te ro id
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le v e l  in  most an im als was too  low d u rin g  t h i s  perio d  to  determ ine i f  
a d iu rn a l  rhythm e x is te d ,  th e r e fo r e ,  d a ta  a re  no t p re se n te d .
For th e  rem ainder o f th e  experim en t, analyses-w ere  made on a l l  
an im als th re e  tim es d u rin g  th e  coo l phase and fo u r tim es under ho t 
c o n d it io n s . Each tim e s te ro id  a n a ly s is  was conducted , th e  recovery  
r a t e  o f added s te ro id  to  plasm a, was o b ta in e d . The recovery  r a t e s  
were o b ta in ed  to  g ive an in d ic a t io n  of th e  e f f ic ie n c y  o f  th e  p ro ced u re . 
The r e s u l t s  o f th e  s te ro id  a n a ly s is  a long  w ith  recovery  r a t e s  a re  
shown in  Table 4 .
Many o b se rv a tio n s  have a zero  rec o rd ed , e s p e c ia l ly  under coo l 
c o n d it io n s ,  to  re p re s e n t th e  le v e l  o f s te ro id  in  the  b lo o d . In  
a c t u a l i t y ,  i t  i s  n o t r e a l i s t i c  to  b e lie v e  th a t  th e  an im als d id  n o t 
have any s te ro id  in  th e  blood a s  t h i s  compound i s  one o f  th e  two 
main f r a c t io n s  sy n th es ized  by th e  ad re n a l c o r te x  (6 0 ). The lack  o f 
assay  s e n s i t i v i t y  below approxim ately  one microgram p e rc e n t i s ,  no 
d o u b t, th e  reason  a zero  v a lu e  had to  be rec o rd ed . A lthough th e  
among p e rio d  recovery  r a te s  of added s te ro id  to  plasma were somewhat 
v a r ia b le ,  they  were s u f f ic ie n t ly  h ig h  to  in d ic a te  th a t  th e  assay  was 
working p ro p e rly . The average recovery  r a t e  was 74.4 p e rc e n t.  
R obertson and M ixner (48) o b ta in ed  an average recovery  r a t e  o f 81.0 
p e rc e n t w h ile  employing th e  same assay  procedure  as in  th e  p re se n t 
s tu d y .
A n aly sis  of v a r ia n c e  o f th e se  d a ta  (Appendix Table 4) rev ea led  
th a t  th e  plasma le v e ls  o f 17-h y d ro x y co rtico s te ro n e  were s ig n i f ic a n t ly  
h ig h er (P = .01) under ho t c o n d it io n s . The mean v a lu e s  were 1 .8
and 4 .6  micrograms p e rc e n t r e s p e c t iv e ly .  The mean fo r  b o th  tre a tm e n ts
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TABLE 4
Blood le v e l  o f 17-h y d ro x y co rtico ste ro n e  fo r  coo l and hot co n d itio n s





3 5 6 7 9
559 3.3 0 .0 4 .0 4 .7 1 .3 8 .0 4 .9
561 0 .0 0 .0 1 .0 16.6 5 .2 1.6 0 .0
562 4 .9 1 .0 2 .9 3 .4 6 .0 2.7 9 .4
563 4 .3 1 .0 3 .2 2,4 3 .2 1.7 3 .8
564 1 .0 0 .0 4 .0 1,6 1 .9 6 .7 1.6
565 2 .3 0 .0 1.6 2 .0 5 .5 3.4 1.6
566 0 .0 1 .0 2.1 9 .4 3 .1 1.6 12.4
567 0 .0 1 .0 0 .0 2.1 6 .6 1 .0 1.7
568 10.7 0 .0 2 .0 3 .3 3 .3 4 .1 1.6
569 0 .0 0 .0 1.6 4 .1 2.1 21.5 1 .8
Mean 2.7 .4 2 .2 5 .0 3 .8 5 .2 3.9
%
recovery 82.9 75.7 72.1 63 .9 71.0 65.3 90.0
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was 3 .2  + 1 .7  microgram p e rc e n t. A n aly sis  o f  v a r ia n c e  showed th a t  th e  
p e rio d  w ith in  tre a tm e n t means were n o t s ig n i f ic a n t ly  d i f f e r e n t .
A lthough th e  mean s te ro id  co n ten t was s ig n i f i c a n t ly  h ig h er under 
h o t c o n d itio n s  th an  fo r  th e  cool p h ase , i t  i s  no t c le a r  w hether t h i s  
i s  an in d ic a t io n  o f severe p h y s io lo g ic a l s t r e s s .  The h ig h e s t mean 
s te ro id  v a lu e s  in  t h i s  study a re  low in  com parison to  le v e ls  r e ­
p o rted  in  d a iry  cows by R obertson et_ a l . (4 9 ). These w orkers 
re p o rte d  a mean le v e l  o f 4 .5  micrograms p e rcen t in  tw enty d a iry  cows 
fo r  normal p h y s io lo g ic a l c o n d itio n s  a s  compared to  12.0 fo r  tw enty- 
one cows s u ffe r in g  from a cu te  s t r e s s .  A d i r e c t  com parison o f th e  
r e s u l t s  o f  R obertson  et^ a l .  (49) and of th e  p re se n t study cannot be 
made because d i f f e r e n t  c o n d itio n s  were involved in  each s tu d y . In  
th e  f i r s t  p la c e ,  th e  r e s u l t s  o f R obertson elt a l . (49) were no t 
o b ta in ed  under c o n tro lle d  experim en tal c o n d itio n s  in  th a t  th e  so- 
c a l le d  p h y s io lo g ic a lly  normal cows were se le c te d  a t  random, and 
second ly , l a c ta t in g  cows were in v o lv ed . I t  i s  n o t s u rp r is in g  th a t  
th e  s te ro id  le v e l  under th e se  c o n d itio n s  would be h ig h er th an  in  th e  
p re se n t s tu d y .
As an index of ad re n a l c o r t ic a l  fu n c tio n , th e  le v e l o f  
e o s in o p h ils  in  th e  blood i s  a t  b e s t a q u a l i t a t iv e  measurement. How­
e v e r , i t  has been shown by many w orkers (8 , 21, 23, 29, 31, 53) th a t  
i t  ad eq u a te ly  d e te c ts  marked changes in  ad ren a l c o r t i c a l  fu n c tio n . 
Throughout t h i s  experim ent th e  number o f e o s in o p h ils  p er cub ic  m i l l i ­
m eter o f blood was used as an index to  determ ine i f  marked changes 
occurred  in  ad ren a l c o r t i c a l  a c t i v i t y  under h ea t exposure . This was 
done because t h i s  assay  i s  q u ick ly  and e a s i ly  perform ed, whereas th e
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s te ro id  p rocedure  r e q u ire s  a  co n s id e rab le  le n g th  o f  time to  perform  
and i s  more ex pensive .
F igu re  2 r e p re s e n ts  a g ra p h ic a l p re s e n ta t io n  of th e  eo s in o p h il 
p a t te r n  a t  v a r io u s  in te r v a ls  du ring  th e  period  o f  study. C e ll  counts 
p e r cu b ic  m illim e te r  o f b lood ranged from 333 to  503 d u rin g  th e  cool 
phase . An e o s in o p h i l l ia  occurred  im m ediately a f t e r  the  an im als  were 
exposed to  h e a t .  Mean c e l l  counts increased  approx im ate ly  s ix ty -  
f iv e  p e rc en t w ith in  two d ay s . An eosinopen ia  would occur under such 
c o n d itio n s  i f  th e  s t r e s s  imposed was severe enough to  cause an
i
a d re n o c o r tic a l  s tim u la t io n . Blood samples were ob tained  f o r  s te ro id  
a n a ly s is  d u ring  th e  d e c lin in g  phase o f the  e o s in o p h i l l ia  c o n d itio n . 
These d a ta  a re  shown in  p e rio d  f iv e  o f Table 4 .  The mean f o r  th is  
p e rio d  i s  5 .0  micrograms p e rc e n t a s  compared to  2 .2  under co o l con­
d i t i o n s .  The ap p aren t e o s in o p h i l l ic  c o n d itio n  upon i n i t i a l  h ea t 
exposure su g g ests  th a t  th e  an im als may have been  in  the shock phase 
o f th e  g en e ra l a d a p ta tio n  syndrome. I f  the  an im als  were in  th e  shock 
s ta g e , th e  r e l a t i v e  blood le v e l  o f s te ro id  cou ld  have decreased  to  
b r in g  about th e  i n i t i a l  e o s in o p h i l l ia .  F igure 2 shows th a t  th e  mean 
eo s in o p h il le v e l  soon receded to  th e  approxim ate le v e l under cool con­
d i t i o n s .  T h is  in d ic a te s  th a t  th e  an im als soon recovered  from  the  
shock c o n d itio n  and d id  n o t undergo a  marked a d re n a l c o r t i c a l  stim u­
la t io n .
A n aly sis  o f v a r ia n c e  (Appendix Table 4) f o r  th ese  d a ta  showed 
th a t  th e re  was no s ig n i f i c a n t  d if f e re n c e  in  tre a tm e n t e f f e c t s  on 
e o s in o p h il co u n t. The reaso n  fo r  t h i s  lack  o f tre a tm e n t d if fe re n c e  
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fo llo w in g  th e  i n i t i a l  e o s in o p h i l l ia  when the  blood le v e ls  were com­
p a ra b le  to  th o se  under coo l c o n d it io n s .
D. M etabo lic  A c tiv i ty  
E stim ated  h ea t p ro d u c tio n , body tem pera tu re  and r e s p i r a t io n  r a t e  
were determ ined s im u ltan eo u sly . Data fo r  h ea t p ro d u c tio n  a re  shown
in  Table 5 . The mean h ea t p ro d u c tio n  fo r  the  coo l phase was 4 .08
• 72
k i lo c a lo r ie s  p er cwt W* p e r hour as compared to  a mean o f 4 .13
under h o t c o n d itio n s . A n a ly sis  o f v a r ia n c e  fo r  th e se  d a ta  re v e a l
th a t  th e re  was no s ig n i f ic a n t  d if f e re n c e  between tre a tm e n t means.
The mean h e a t p ro d u c tio n  fo r  th e  experim ent was 4 .10  + 0.25 k i lo -
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c a lo r ie s  p e r cwt W p e r hour.
A n a ly s is  o f v a r ia n c e  fo r  th e se  d a ta  re v e a ls  th e  e x is te n c e  o f a
h ig h ly  s ig n i f i c a n t  p e rio d  w ith in  tre a tm e n t d i f f e r e n c e .  Duncans' (7)
m u ltip le  range t e s t  showed th a t  th e  p erio d  means in  th e  cool phase
were s ig n i f ic a n t ly  d i f f e r e n t  from each  o th e r w h ile  th o se  du rin g  th e
hot phase were n o t .  Table 10 shows th a t  e s tim a ted  h ea t p ro d u c tio n  was
h ig h ly  s ig n i f ic a n t ly  c o r re la te d  w ith  b o th  serum PBI le v e l  and
th y ro x in e  s e c re t io n  r a t e .  Johnston  e t  a l . (30) re p o rte d  a h igh ly
s ig n i f ic a n t  sim ple c o r r e la t io n  between h ea t p ro d u c tio n  and th y ro x in e
131s e c re t io n  r a t e ,  a s  determ ined by th e  I  r e le a s e  te c h n iq u e , b u t th a t  
serum PBI was no t s ig n i f ic a n t ly  c o r re la te d  w ith  any measure o f 
m etab o lic  resp o n se .
P a r t i a l  r e g re s s io n  c o e f f ic ie n ts  were d eriv ed  from th e se  d a ta  by 
re g re s s in g  es tim ated  h ea t p ro d u c tio n  on th e  m easures o f th y ro id  and 
ad ren a l c o r t i c a l  re sp o n se . T his was done in  an e f f o r t  to  e x p la in  th e  
reaso n  fo r  some o f th e  v a r i a b i l i t y  th a t  occurred  in  th e  e s tim a te s  o f
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TABLE 5
E stim ated  h ea t p ro d u c tio n  fo r  coo l and ho t c o n d itio n s  ( k i lo c a lo r i e s /






4 6 7 9 10
559 3.65 5 .4 2 3.67 2.60 4 .6 0 4 .53 3.72 3.17
561 3.97 5.92 3.13 3.84 4.99 3.77 3.70 4 .31
562 4 .68 5.46 3.84 4.54 4.77 4 .67 3.73 3.71
563 4 .13 5.41 3.62 4 .89 5.46 3.75 3.47 3.99
564 3.40 3.88 2.53 3.64 3.07 3.94 3.76 3.72
565 5.52 5.09 3.60 3.75 4 .08 3.65 3.53 4.55
566 4.46 5 .48 3.34 4.05 4.05 4.95 3.60 3.79
567 4.55 4 .0 8 2.54 3.71 3.71 4 .42 3.34 6.04
568 4.75 5 .12 2.66 3.55 4 .1 4 4.26 3.70 4.89
569 3.65 6 .94 3.15 1.56 4.86 4 .3 4 3.49 5 .00
Mean 4.28 5 .28 3.21 3.54 4.37 4 .23 3.60 4 .32
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h ea t p ro d u c tio n . These r e s u l t s  a re  shown in  Table 6 . R ecognition  
i s  g iven  to  th e  f a c t  th a t  none o f th e  p a r t i a l  r e g re s s io n  c o e f f ic ie n ts  
a re  s ig n i f i c a n t .  I t  should be no ted  from t h i s  ta b le  th a t  th e  r e ­
g re ss io n  c o e f f ic ie n t s  fo r  th e  measurements o f ad ren a l c o r t i c a l  response  
were z e ro . From th e  m u ltip le  c o r r e la t io n  c o e f f ic ie n t  o f t h i s  t a b le ,  
i t  can be concluded th a t  46 .6  p e rc e n t o f  th e  v a r ia t io n  th a t  occurred  
in  h e a t p ro d u c tio n  can be exp la ined  by th e  re g re s s io n  o f h ea t p ro ­
d u c tio n  on th e  m easures o f th y ro id  re sp o n se . S ta ted  in  an o th e r way, 
t h i s  m u ltip le  c o r r e la t io n  c o e f f ic ie n t  means th a t  54 .4  p e rce n t o f th e  
v a r ia t io n  in  e s tim a ted  h e a t p ro d u c tio n  cannot be accounted fo r  by the  
re g re s s io n  eq u a tio n . T his in d ic a te s  th a t  e i th e r  some techn ique  e r ro r s  
were involved  in  th e  c o l le c t io n  o f th e se  d a ta  o r th a t  f a c to r s  o th e r  
th an  th y ro id  response  were cau sin g  f lu c tu a t io n s  to  occur in  th e  
e s tim a te  o f h ea t p ro d u c tio n .
R e sp ira tio n  r a t e  and body tem pera tu re  d a ta  a re  shown in  Table 7. 
A n a ly s is  of v a r ia n c e  (Appendix Table 7 and 8) showed th a t  th e  anim als 
responded to  h ea t exposure by in c re a s in g  r e s p i r a t io n  r a t e  and body 
tem pera tu re  in  a  h ig h ly  s ig n i f ic a n t  manner. R e sp ira tio n  r a t e  showed 
a h ig h ly  s ig n i f ic a n t  p erio d  w ith in  tre a tm e n t e f f e c t .  T his may be 
ex p la in ed  on th e  b a s is  o f th e  low r e p e a t i b i l i t y  c o e f f ic ie n ts  o f 
r e s p i r a to ry  response  (3 8 ). F u r th e r  ev idence to  support t h i s  
e x p la n a tio n  i s  found from th e  a n a ly s is  of v a r ia n c e  fo r  th e se  d a ta  by 
o b serv in g  th e  h ig h ly  s ig n i f ic a n t  in te r a c t io n  between tre a tm en t and 
an im als . T h is p o in ts  ou t th a t  a l l  an im als d id  not respond in  
r e s p i r a to ry  a c t i v i t y  in  th e  same manner in  th e  two tre a tm e n ts .
The mean body tem p era tu re  was 1 .5 °  F„ h ig h e r  under ho t c o n d itio n s
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TABLE 6
M u ltip le  re g re s s io n  o f  h ea t p roduction  on m easures o f th y ro id  and 
ad ren a l c o r t ic a l  fu n c tio n
a /  
X1 x2 x 3 X4 x5
b -  .067 30.94 0.15 -0.01 0.00
Sb 0.05 27.46 0.09 0.03 0.00
t -1 .33 1.13 1.81 0.32 -1 .31
R2 0.466 n = 40 d . f .  = 35
a /
X  ̂ = Thyroxine u t i l i z a t i o n  r a t e
X2 = Thyroxine s e c re tio n  r a te
X3 = PBX le v e l
X, = S te ro id  le v e l 4















R esp ira tio n s /m in u te  and body tem peratu re  fo r  coo l and ho t c o n d itio n s
Cool Hot
1 2 3 4
P eriod
5 6 7 8
A B A B A B A B A B A B A B A B
57 101.7 40 102.0 34 101.3 36 101.4 104 102.6 97 103.2 100 103.8 120 105.2
51 101.8 37 101,9 24 101.8 26 101.8 140 103.2 106 103.2 120 103.2 136 104.4
63 102.1 42 102.2 32 101.7 32 101.9 104 102.6 84 102.5 100 103.2 104 103.4
45 102.0 40 101.9 43 102.1 32 101.6 126 104.2 92 104.2 96 103.8 108 105.4
48 101.9 48 101.9 26 101.6 28 102.0 120 102.5 112 103.4 100 102.4 144 104.9
42 102.0 42 102,3 25 101.7 28 102.4 96 103.5 90 103.4 88 102.2 88 104.0
63 102.3 48 102.0 30 102.2 36 102.2 120 104.0 94 104.3 86 102.3 96 104.0
63 102.1 48 102.3 22 103.6 36 101.6 120 104.4 100 103.8 98 102.4 128 104.0
60 101.6 52 102.5 27 102.3 40 101.7 100 103.4 104 103.2 104 102.0 136 104.8
54 102,0 36 102.6 25 102.4 19 103.0 105 103.4 88 103.4 84 102.5 128 105.3
55 102.0 43 102.2 28 102.1 31 102.0 114 103.4 97 103.5 95 102.8 110 104.5
a /
A = R e sp ira tio n  Rate 
B = Body Temperature
-P>
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than  under co o l. However, in  some in s ta n c e s  th e  r i s e  was h ig h e r . An 
example o f such a r i s e  i s  found by examining th e  d a ta  in  th e  te n th  
perio d  o f Tables 7 and 8 in  which i t  i s  shown th a t  r e s p i r a t io n  r a t e ,  
body tem perature and h ea t p roduction  were abnorm ally h igh  in  com­
p a r iso n  to  th e  p rev ious p e r io d s . P o ss ib ly  t h i s  was a temporary con­
d i t io n  which was induced by th e  unusually  h igh  vapor p re ssu re  which 
e x is te d  in  th e  C lim atic  C ontro l Chamber du ring  th e  te n th  period  
(F igure  1) as a r e s u l t  o f m alfunction  of c o n tro ls .  P rev ious work by 
Johnston e t  a l . (29) in d ic a te s  th a t  approxim ately  fo r ty  days a re  
req u ired  fo r  anim als to  adap t to  hot c o n d itio n s ; presumably m ediated 
through  the  th y ro id  g land. The anim als in  t h i s  study had been exposed 
to  hot co n d itio n s  fo r  approxim ately  s ix ty  days a t  th e  tim e the  
measurements in  th e  te n th  period  were o b ta in ed . T h e re fo re , under 
normal c ircum stances, such a marked m etabo lic  response probably would 
no t have occu rred .
Data fo r  th e  mean d a ily  body w eight ga in  a re  shown in  Table 8 .
The average ga in  was 1.8 and 1.1 pounds p er day fo r  cool and hot 
co n d itio n s  r e s p e c t iv e ly .  A nalysis  of v a rian c e  fo r  th e se  d a ta  shows 
th a t  t h i s  d if fe re n c e  i s  h ig h ly  s ig n i f ic a n t .  V isual in sp e c tio n  of 
Table 8 re v e a ls  th a t  th e  e f f e c ts  o f h ea t on body weight were 
i n i t i a l l y  delayed u n t i l  th e  second tw elve day period  ( s ix th  p e r io d ) .  
During th is  tim e th re e  an im als lo s t  w eig h t, fou r gained le s s  th an  a 
mean o f one pound p er day w hile  two anim als continued to  g a in .
F u rth e r study of th ese  d a ta  re v e a ls  o th e r  in s ta n c e s  where in d iv id u a l 
anim als lo s t  w eigh t. However, g e n e ra lly  speaking , exclud ing  th e  
second period  of h ea t exposure when some anim als lo s t  w eig h t, th e  gain
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TABLE 8
Average d a i ly  w eight ga ins f o r  coo l and ho t c o n d itio n s  (pounds)
Cool_______     Hot
Animal
number 1 2 3
Period
4 5 6 7 8 9 10
559 2.4 .5 1 .3 1.3 1 .0 -0 .8 0 .2 1 .2 -0 .7 1.5
561 4 .4 .6 2.4 1.6 .6 0.7 2.6 1 .2 0.6 0 .8
562 2 .9 1.5 1.7 .9 1 .9 1.6 1 .3 1.5 1.6 0 .0
563 3 .3 .8 1.6 2 .0 .3 -0 .7 0.1 1.9 1 .0 0.6
564 1 .9 2.1 2 .4 .4 1 .8 -0 .5 1.6 1 .8 1 .4 0.5
565 3 .2 1.0 2 .4 2 .4 1 .0 0.5 1.6 1 .8 1 .8 0.6
566 3 .0 .4 2.1 .2 1.6 0.5 0 .3 0.5 2.1 0.7
567 2.7 1 .0 1.7 .7 2 .3 0.6 1 .8 -1 .3 2 .8 -0 .9
568 3.1 1 .2 1.9 1 .9 .9 0.5 1 .0 2.1 1 .3 0.6
569 3.4 .5 2 .2 .7 2 .9 2.8 2 .9 1.1 5 .1 -0 .7
Mean 3 .0  1 .0  2 .0  1 .2  1 .4  0.5 1 .3  1 .2  1 .7  0 .4
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was s a t i s f a c to ry  u n t i l  th e  te n th  p e r io d . During th e  te n th  p e r io d , 
th e  mean w eight gain  in d ic a te  th a t  th e  hot co n d itio n s  had a d e t r i ­
m ental delayed e f f e c t .  Comparison o f the  body w eight response in  
th i s  perio d  to  th e  te n th  period  fo r  m etabolic  a c t iv i ty  w i l l  re v e a l 
th a t  t h i s  was th e  perio d  when th e  anim als were showing th e  g re a te s t  
d i s t r e s s  e f f e c ts  o f h e a t .  Duncans' m u ltip le  range (7) t e s t  d isc lo sed  
th a t  th e  mean body w eight gain  fo r  th e  s ix th  and te n th  p e rio d s  was 
s ig n i f ic a n t ly  lower than  fo r  the  rem aining p e r io d s .
I t  appears th a t  weighing e r ro r s  a re  involved in  th e  f i r s t  
p e rio d  as an unusually  h igh  r a te  o f gain  i s  recorded fo r  most 
an im als. G en era lly , th e  r a te  o f g a in  d a ta  fo r  th e  p re sen t s tu d y , a re  
in  accordance w ith  th o se  of Johnston et_ a l . (29) in  which te n  days 
were req u ired  fo r  anim als to  f e e l  th e  e f f e c ts  o f h ea t exposure when 
expressed  th rough  a lo s s  o f body w eig h t.
Table 9 shows th e  mean d a ily  dry  m atte r in tak e  fo r  each p e r io d . 
In  e v a lu a tin g  th e se  d a ta ,  c o n s id e ra tio n  should be given to  th e  f a c t  
th a t  growing anim als were invo lved . As th e  experim ental tim e p ro ­
g re sse d , the  anim als req u ired  a h ig h er dry m a tte r  consumption 
because of th e  in c re a se  in  body m ass. T h e re fo re , th e  le v e l of 
feed in g  was confounded w ith  tem p era tu re . A nalysis  o f v a rian ce  fo r  
th e se  d a ta  (Appendix Table 9) show th a t  in c lu d in g  th i s  confounding 
e f f e c t , hot co n d itio n s  tended to  lower feed in tak e  in  a h ig h ly  
s ig n if ic a n t  maimer. The mean d a ily  dry m a tte r  in tak e  was 15.7 and
14.7 jfounds re s p e c t iv e ly  fo r  cool and hot c o n d itio n s . According to  
th e  m u ltip le  range t e s t  ( 7 ) ,  the  mean dry m atte r in ta k e  was s ig n i ­
f ic a n t ly  lower during  th e  p e rio d s  in  which th e  mean w eight gain  was
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TABLE 9
Mean d a ily  dry  m a tte r  in ta k e  fo r  coo l and h o t c o n d itio n s  (pounds)
Cool ____ Hot
Animal
number 1 2 3
P eriod  
4 5 6 7 8 9 10
559 15.7 15.8 12.6 14.2 13.9 12.7 13.0 14.3 12.5 11.9
561 13.8 16.2 14.0 14.0 16.4 14.3 15.0 14.8 14.5 14.1
562 15.7 17.1 16.0 15.6 15.3 13.7 15.0 14.6 13.8 13.4
563 15.4 18.1 16.2 15.8 12.7 10.3 14.8 15.2 14.0 13.1
564 15.7 16.7 16.2 15.8 16.1 14.6 15.8 15.7 15.3 15.1
565 15.4 16.6 16.3 16.3 16.1 14.5 15.0 15.6 14.7 14.3
566 : 15.4 16.6 16.2 16.2 14.3 11.5 13.0 12.8 14.9 14.7
567 ’ 14.2 16.5 15.2 15.1 15.9 13.6 14.6 14.7 15.3 14.6
568 15.0 16.5 16.1 16.2 15.0 15.0 17.0 16.8 16.1 16.4
569 15.7 16.8 15.6 15.8 14.9 15.9 17.6 17.0 17.0 17.4
Mean 15.2 17.0 15.4 15.5 15.1 13.6 15.1 15.2 14.8 14.5
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th e  low est, A simple c o r re la t io n  c o e f f ic ie n t  o f 0.55 e x is te d  between 
dry m a tte r  in ta k e  and r a t e  o f g a in . This in d ic a te s  th e  f a s t e r  r a te s  
o f gain  were accompanied by h igh  feed in ta k e .
E. General D iscussion
The r e s u l t s  o f t h i s  ex p lo ra to ry  in v e s t ig a t io n  do not n e c e s s a r i ly  
r e fu te  or ag ree  w ith  th e  f in d in g s  o f o th e r  workers (9 , 22, 35, 49 , 52) 
concerning an in v erse  r e la t io n s h ip  between th y ro id a l and ad ren a l 
c o r t ic a l  response under s t r e s s f u l  c o n d itio n s . I t  can be noted in  
Table 10, th a t  a lthough  n o n s ig n if ic a n t,  th e  r e la t io n s h ip s  between 
th re e  m easures o f th y ro id  a c t iv i ty  and ad ren a l c o r t ic a l  response were 
n e g a tiv e . The lack  of a s ig n i f ic a n t  c o r re la t io n  between th y ro id  and 
ad ren a l c o r t ic a l  a c t i v i t y  can probably  be exp la in ed . Highly s i g n i f i ­
can t f lu c tu a tio n s  occurred in  a l l  measurements o f th y ro id  response 
fo r  th e  anim als du ring  th e  cool phase. During th i s  same span of tim e,
36.7 p e rcen t o f the  s te ro id  o b se rv a tio n s  were rep resen ted  by zero 
and th e  m a jo rity  o f th e  rem aining v a lu es  were very  low. V a r ia b i l i ty  
must be p re se n t in  o rd e r fo r  c o r re la t io n  to  e x i s t .  Since th e re  was 
lim ite d  v a r ia t io n  among th e  s te ro id  v a lu e s  in  the  coo l phase i t  i s  
n o t su rp r is in g  th a t  a n o n s ig n if ic a n t sim ple c o r re la t io n  was o b ta in ed . 
O bservation  o f F igure 2 w i l l  d is c lo s e  th a t  th e  eo s in o p h il counts a lso  
were r e l a t iv e ly  s ta b le  du ring  th e  cool phase.
Table 10 shows th e  simple c o r re la t io n  c o e f f ic ie n ts  ob ta ined  by 
r e l a t in g  v a r io u s  m easures of m etabo lic  response to  th y ro id  and ad ren a l 
c o r t i c a l  re sp o n se . A study o f t h i s  ta b le  d is c lo s e s  only a few 
s ig n if ic a n t  and m eaningful v a lu e s . A s ig n if ic a n t  c o r r e la t io n  o f 
-0 .53  was o b ta ined  between eo s in o p h il count and dry  m atte r in ta k e .
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TABLE 10
Simple c o r r e la t io n  o f  m etab o lic  fu n c tio n  w ith  th y ro id  and a d re n a l
c o r t i c a l  a c t i v i t y
a /
X1 X2 x 3 x4 x5
Y1 -0 .3 2 0 .4 7 * * 0 .62** -0 .1 6 -0 .2 7
*2 0 .2 2 -0 .3 4 * - 0 .2 3 -0 .1 5 0 .2 6
Y3 0 .1 5 0 .4 0 * - 0 .3 2 -0 .0 4 0 .2 1
Y4 0 .2 1 -0 .0 2 - 0 .1 3 -0 .15 0 .2 0
Y5 0 .2 8 -0 .1 2 - 0 .0 4 -0 .1 6 0 .3 5 *
a /





* = S ig n if ic a n t
** = Highly s ig n i f ic a n t
Thyroxine u t i l i z a t i o n  r a t e  
Thyroxine s e c r e t io n  r a t e  
PBI l e v e l .
S te ro id  le v e l  
E o sin o p h il co u n t
Y1 “  




E stim ated  h ea t p ro d u c tio n  
R e s p ira tio n  r a t e  
Body tem p era tu re  
Rate o f w eight g a in  
Dry m a tte r  in ta k e
An in s p e c tio n  o f th e  d a ta  from w hich t h i s  c o r r e la t io n  was 
o b ta in ed  re v e a ls  th a t  th e  e o s in o p h i l l ic  c o n d it io n , e x is t in g  d u rin g  
th e  tim e when dry  m a tte r  in ta k e  was b e in g  d e p re sse d , i s  p robab ly  th e  
rea so n  fo r  t h i s  c o r r e l a t io n .  T ab le  10 a ls o  shows th a t  e s tim a te d  h e a t 
p ro d u c tio n  i s  s ig n i f i c a n t ly  c o r re la te d  w ith  a l l  m easures o f th y ro id  
a c t i v i t y .
R eg ard less  o f th e se  en d o crin e  and m e tab o lic  fu n c tio n  r e l a t i o n ­
s h ip s ,  th e  b e s t  way to  m easure th e  e f f e c t iv e n e s s  o f  c a t t l e  in  a  g iven  
environm ent i s  by p ro d u c tiv e  re sp o n se . C o n sid erin g  th e  an im als in  
t h i s  in v e s t ig a t io n ,  r a t e  o f w eigh t g a in  was th e  b e s t  c r i t e r i o n  o f 
m easurem ent. The mean ex p erim en ta l r a t e  o f g a in  was s a t i s f a c to r y .  
W hile i t  i s  t r u e  t h a t  h e a t exposure tended  to  d ep re ss  th e  r a t e  o f 
w eigh t g a in  fo r  most an im a ls , th e  h e a t e f f e c t  was a p p a re n tly  n o t 
sev e re  enough to  promote sev ere  p h y s io lo g ic a l  s t r e s s .
V. SUMMARY
A p i l o t  experim ent was conducted w ith  te n  growing H o ls te in  
h e i f e r s  to  o b ta in  p re lim in a ry  in fo rm atio n  concern ing  th y ro id ,  
a d re n o c o r t ic a l  and m etab o lic  response  under coo l and ho t con­
d i t i o n s .  From a rev iew  o f th e  r e s u l t s  o b ta in e d , th e  fo llow ing  
summary s ta tem en ts  appear to  be j u s t i f i e d :
1. A ll m easures o f th y ro id  a c t i v i t y  in d ic a te d  th a t  
th e  m etab o lic  a c t i v i t y  o f th e  an im als was s ig n i f i c a n t ly  
more v a r ia b le  under coo l c o n d itio n s  th an  under hot 
c o n d itio n s .
2. Serum PBI, th y ro x in e  u t i l i z a t i o n  and s e c re t io n  
r a t e s  were h ig h ly  s ig n i f i c a n t ly  lower under ho t con­
d i t io n s  th an  th e  coo l c o n d itio n s . Thyroxine
-3
u t i l i z a t i o n  r a t e  ( - lo g eb x 10 ) d e c lin e d  from a
mean of 13.18 under coo l c o n d itio n s  to  10.55 under 
ho t c o n d itio n s . The mean e s tim a te d  th y ro x in e  
s e c re t io n  r a t e  was 51 .3  p e rc e n t lower under hot 
c o n d itio n s  th an  d u rin g  th e  coo l p h ase .
3. The r e s u l t s  o f th e  p re se n t study in d ic a te  th a t  
from t h i r t y  to  s ix ty  days o f exposure a re  n ecessa ry  
to  s ig n i f i c a n t ly  d ep ress  th e  a c t i v i t y  o f th e  th y ro id  
g lan d .
4 . A lthough th e  c o r r e la t io n  was n o n s ig n if ic a n t ,
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th y ro x in e  u t i l i z a t i o n  r a t e  tended to  be in v e rse ly  
r e la te d  to  serum PBI.
5 . Under cool am bient c o n d it io n s , th e  c i r c u la t in g  
blood le v e l  o f 1 7 -h y d ro x y co rtico ste ro n e  was so low 
th a t  i t  was im possib le  to  determ ine i f  a d iu rn a l  
rhythm e x is te d  in  a d re n o c o r tic a l  a c t i v i t y .
6 . The mean s te ro id  le v e l  s ig n i f ic a n t ly  in c reased  
from 1 .7  micrograms p e rc e n t under cool c o n d itio n s  
to  4 .5  du rin g  h ea t exposure.
7. An e o s in o p h i l l ia  occurred  im m ediately upon 
exposing th e  an im als to  h e a t .  This i s  in d ic a t iv e  
o f a tem porary a d re n o c o r t ic a l  in su ff ic ie n c y *  
However, th e  e o s in o p h i l l ic  c o n d itio n  d isappeared  
r a p id ly  and was no t follow ed by an eo s in o p en ia .
8. Rate o f w eight g a in , d ry  m a tte r  in ta k e , r e s ­
p i r a t io n  r a te  and body tem p era tu re  showed h ig h ly  
s ig n i f ic a n t  ad v erse  a f f e c t s  o f h ea t exposure.
9. Estim ated h ea t p ro d u c tio n  was no t s ig n i f ic a n t ly  
a f fe c te d  by h e a t exposure. Estim ated h ea t p ro ­
d u c tio n  was h ig h ly  s ig n i f ic a n t ly  c o r re la te d  w ith  
serum PBI and th y ro x in e  s e c re t io n  r a t e .
10. M easures o f a d re n o c o r tic a l  response  were not 
s ig n i f i c a n t ly  c o r re la te d  w ith  any measure o f th y ro id  
re sp o n se .
VI. CONCLUSIONS 
From th e  resp o n se  o f th e  an im als in  t h i s  s tu d y , i t  i s  be liev ed  
th a t  ho t c o n d itio n s  d id  n o t induce a severe p h y s io lo g ic a l  s t r e s s .  
W hile i t  i s  t ru e  th a t  th e  r a t e  o f w eight ga in  was s ig n if ic a n t ly  
decreased  under ho t c o n d it io n s , th e  mean r a te  o f  gain  was 1 .1  
pounds p e r day as  c o n tra s te d  to  1 .8  pounds p e r day under co o l con- 
d i t i o n s .  P ro v id in g  th e  e f f e c t s  o f  h ea t had induced a sev ere  
p h y s io lo g ic a l  s t r e s s  on th e  an im als , i t  should have been r e f le c te d  
th rough  a h ig h e r a d re n o c o r tic a l  s e c re t io n  r a t e  and a more marked 
d ep re ss io n  of w eight g a in .
The sim ulated  c l im a tic  c o n d itio n  in  t h i s  study  was probab ly  as 
sev ere  as  w i l l  be found in  a su b tro p ic a l a r e a .  The r e s u l t s  o f th i s  
study in d ic a te  th a t  a  s u b - tro p ic a l  c lim a te , o v er a sh o rt p e rio d  of 
tim e , w i l l  n o t ad v e rse ly  a f f e c t  th e  r a t e  of w eig h t gain to  th e  
e x te n t o f making an anim al u n th r i f ty .
One o f th e  main o b je c t iv e s  o f t h i s  study was to  m easure thy ro id  - 
a d re n o c o r t ic a l  r e l a t io n s h ip s .  I t  i s  b e liev ed  t h i s  o b je c tiv e  was no t 
s a t i s f a c t o r i l y  achieved  because o f  th e  extrem ely low le v e ls  of 
plasm a 1 7 -h y d ro x y co rtico ste ro n e  d u rin g  th e  coo l phase. However, 
r e c o g n it io n  should be g iven  to  th e  f a c t  th a t  young growing anim als 
were involved  in  t h i s  s tu d y . A lso , th e  an im als were under optim al 
n u t r i t i o n a l  c o n d itio n s  w ith o u t th e  added s t r e s s  o f g e s ta t io n ,  
l a c t a t io n  or p a r a s i t e s .  T h e re fo re , more d a ta  w i l l  be n ecessa ry  to  
ad eq u a te ly  m easure th e se  r e la t io n s h ip s .
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TABLE 1
Analysis of variance of protein bound iodine





T o ta l 79 415.49
Treatm ent 1 33.93 33.93 25.13**
Among anim als 9 24.98 2.78 2.06*
Treatm ent x anim al 9 12.19 1.35 < 1
P erio d s 7 248.40 35.49 32.26**
Animals in  p e rio d s 53 95.99 1.-81
* S ig n if ic a n t
** Highly s ig n i f ic a n t
TABLE 2
A n aly sis  o f v a r ia n c e  o f th y ro x in e  u t i l i z a t i o n  r a t e





T o ta l 39 182.54
Treatm ent 1 71.28 71.28 55.69**
Among an im als 9 42.60 4 .73 3.70
Treatm ent x anim al . 9 11.51 1.28 < 1
P erio d s 3 32.28 10.76 7.37**
Animals in  p erio d 17 24.87 1.46
* S ig n if ic a n t
** Highly s ig n i f ic a n t
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TABLE 3
Analysis of variance of estimated thyroxine secretion rate





T o ta l 39 .3245
Treatm ent 1 .0624 .0624 10.10
Among anim als 9 .0224 .0025 <  1
Treatm ent x anim al 9 .0656 .0062 8.12**
P erio d s 3 .1612 .0537 70.65
Animals in  p e rio d s 17 .0129 .0008
** Highly :s ig n i f ic a n t
TABLE.4
A n a ly s is  o f v a ria n ce o f s te ro id le v e l





T o ta l 69 1,004 .13
Treatm ent 1 135.90 135.90 11.54**
Among anim als 9 55.22 6.14 <  1
Treatm ent x anim al 9 106.05 11.78 <  1
P erio d s 6 34.48 5.75 <  1




Analysis of variance of eosinophil level
Source o f v a r ia n c e d . f .
Sum o f 
squares
Mean
sq u are F -value
T o ta l 89 9,679.648
Treatm ent 1 44,054 44,054 <  1
Among anim als 9 3,666,609 407,401 6.69**
Treatm ent x anim al 9 548,179 60,909 1.30
P erio d s 8 2,520,515 315,064 6.74
Animals in  p e rio d s 62 2,900,111 46,776
** Highly s ig n i f ic a n t
TABLE 6
A n aly s is  o f v a r ia n c e  o f es tim ated  h e a t p ro d u c tio n
Source o f v a r ia n c e d . f .




T o ta l 79 62.50
Treatm ent 1 .06 .06 <  1
Among anim als 9 4 .99 .55 1.61
Treatm ent by anim al 9 3.10 .34 <  1
P erio d s 7 20.56 2.93 4.59**




Analysis of variance of respiration rate





T o ta l 79 105,370
Treatm ent 1 88,578 88,578.0 320.93**
Among anim al 9 1,995 222.0 <  1
Treatm ent x  anim al 9 2,484 276.0 3.02**
P erio d s 7 7,474 1 ,068 .0 11.69**
Animals in  p e rio d s 53 4,839 91.0
** Highly s ig n i f ic a n t
TABLE 8
A n aly sis  o f v a r ia n c e  of body tem pera tu re





T o ta l 79 88.13
Treatm ent 1 45.29 45,29 183.4**
Among anim als 9 3.98 0.44 1.7
Treatm ent x anim al 9 4.05 0.45 1.8
P erio d s 7 16.71 2.38 9.6**




Analysis of variance of rate of weight gain





T o ta l 99 92.21
Treatm ent 1 12.05 12.05 . 28.42**
Among anim als 9 14.78 1.64 3.87**
Treatm ent x anim al 9 3 .82 9.42 1.40
P erio d s 9 40.27 4.47 14.71**
Animals in  p e r io d s 71 21.29 0.30
** Highly s ig n i f ic a n t
TABLE 10
A n a ly s is  of v a r ia n c e  of dry  m atte r in ta k e





T o ta l 99 189.28
Treatm ent 1 24.28 24.28 6.67**
Among anim als 9 57.73 6.41 1.76
Treatm ent x an im als 9. 32.78 3.64 5.88**
P erio d s 9 30.56 3.40 5.49**
Animals in  p e rio d s 71 43.93 0.62
** Highly significant
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